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HIGHWAY  PROGRESS,  1960 

ANNUAL  REPORT  OF  THE  BUREAU  OF  PUBLIC  ROADS 
Summary  Review  of  the  Fiscal  Year 

THE  fiscal  year  1960  ^  was  marked  by  coiitinned  vigorous  effort  iu  the  ex- 
panded nationwide  liighway  program  inaugurated  by  tlie  Federal-aid  High- 
way Act  of  195G,  although  the  program  was  slowed  somewhat  because  of  Fed- 
eral financing  problems.  Across  the  Nation,  in  city  and  country  alike,  motorists 
were  finding  many  new  sections  of  the  Interstate  System  available  for  travel, 
as  well  as  extensive  improvements  on  major  highways  and  streets  and  on  the 
vast  secondary  road  mileage. 

Capital  expenditures  by  all  levels  of  government  on  all  roads  and  streets,  for 
engineering,  right-of-way,  and  construction  were  estimated  at  $6.80  billion  in 
calendar  year  lOoO  and  were  expected  to  total  .$6.72  billion  in  calendar  year 
1960. 

Highway  usage  continued  to  grow,  again  exceeding  previous  records.  Motor- 
vehicle  registrations  were  expected  to  reach  73.9  million  in  calendar  year  1960, 
3.3  percent  more  than  in  the  preceding  year.  Preliminary  estimates  indicated 
that  travel  in  calendar  year  1960  would  reach  720  billion  vehicle-miles.  Travel 
by  the  71.5  million  vehicles  registered  in  1959  was  estimated  at  698  billion  ve- 
hicle-miles for  that  year,  an  increase  of  5  percent  over  1958. 

Obligations  of  Federal-aid  funds  for  surveys  and  plans,  right-of-way  acquisi- 
ti(m,  and  construction  totaled  $2,611  billion  during  the  fiscal  year  1960,  as  com- 
pared with  $3,223  billion  obligated  in  fiscal  year  1959. 

Passage  of  the  Federal-Aid  Highway  Act  of  1959,  providing  for  increased 
revenue  to  the  Highway  Trust  Fund  during  the  next  5  years,  alleviated  the 
sliort-term  financing  crisis  which  had  threatened  to  curtail  the  Federal-aid 
program  at  the  beginning  of  the  year.  Public  Roads  found  it  necessary  never- 
theless to  institute  a  reimbursement  planning  program,  regulating  the  rate  of 
obligation  of  Federal  funds  in  relation  to  anticipated  Trust  Fund  income,  so 
that  the  States  would  be  assured  of  prompt  reimbursement  when  they  pre- 
sented their  claims  following  completion  of  work  and  State  first-instance  pay- 
ment therefor. 

On  October  8,  1959,  apportionment  was  made  to  the  States  of  Federal-aid 
funds  for  the  fiscal  year  1961,  amomiting  to  $2,725  billion.  The  total  of  Fed- 
eral-aid funds  apportioned  since  passage  of  the  Federal-Aid  Highway  Act  of 
1956  was  thus  brought  to  nearly  $13.3  billion. 

Accomplishments  of  the  year 

During  the  year,  projects  were  programed  in  the  Federal-aid  and  Federal 
highway  programs  for  the  construction  of  19,317  miles  of  improvements.  Con- 
tracts were  awarded  during  tlie  year  for  improvements  to  21,947  miles  of  roads 
and  streets.  Construction  put  in  place  during  tlie  year  involved  $2,718  billion  of 
Federal  funds,  a  decrease  of  5  percent  from  the  record  of  the  previous  year. 


^The   fiscal   year  extended  from  .Tuly   1,    1059,   tlirougli   .Tune  ?,(),   1960. 


Completions  of  all  classes  of  Federal-aid  and  Federal  projects  during  the 
fiscal  year  provided  improvements  on  29,959  miles  of  roads  and  streets.  In- 
cluded v^'ere  28,830  miles  of  highways  and  6,788  bridges  on  the  Federal-aid 
systems  and  1,130  miles  of  roads  in  national  forests,  parks,  and  parkways,  and 
on  flood-relief  and  access-road  projects. 

Hazards  at  railway-highway  grade  crossings  were  removed  during  the  year 
by  elimination  of  422  grade  crossings,  reconstruction  of  23  inadequate  grade- 
separation  structures,  and  protection  of  366  crossings  by  installation  of  flashing 
lights  or  other  safety  devices.  These  figures  include  the  separation  or  pro- 
tection of  crossings  encountered  on  new  highway  locations. 

The  linear  mileage  of  highway  improvements  completed  is  not  a  full  measure 
of  the  facilities  provided  for  trafiic.  Capacity  and  safety  and  riding  quality 
are  all  improved  by  better  alinement,  fiatter  curves  and  grades,  and  smoother 
and  wider  pavement.  The  Interstate  and  some  of  the  other  Federal-aid  projects 
completed  during  the  year  had  access  control  and  grade  crossings  eliminated. 
Generally  they  were  four  or  more  lanes  wide,  replacing  old  roads  with  only  two 
lanes.  The  28,830  miles  of  Federal-aid  projects  completed  during  fiscal  year 
1960  included  3,829  miles  of  4-lane  highways  and  237  miles  having  6  lanes  or 
more.  Thus,  the  year's  Federal-aid  project  completions  provided  the  equivalent 
of  66,266  miles  of  single-lane  construction. 

At  the  end  of  the  fiscal  year,  construction  was  underway  or  plans  had  been 
approved,  in  the  Federal-aid  program,  for  improvements  on  31,362  miles  of 
roads  and  streets.  Included  were  construction  of  10,617  bridges  and  the  elimi- 
nation, reconstruction,  or  protection  of  1,305  railway-highway  crossings.  The 
estimated  cost  of  this  work  was  $8.2  billion,  of  which  $6.0  billion  was  Federal 
aid. 

'  In  addition,  at  the  close  of  the  year,  the  programs  for  construction  of  national 
forest,  park,  and  public  lands  highways,  defense-access  roads,  and  flood-damaged 
roads  and  bridges,  included  improvements  underway  on  1,566  miles,  at  a  total 
estimated  cost  of  $123  million  including  $115  million  of  Federal  funds. 

A.ccomplishments  of  the  year  on  the  several  Federal-aid  systems  and  in  the 
Federal  lands  highway  programs,  and  detailed  information  on  other  subjects, 
will  be  found  in  individual  presentations  in  other  .sections  of  this  report.  Sup- 
porting statistics,  both  in  summary  and  detail,  appear  in  the  appendix  tables. 

The  Interstate  System 

While  accomplishments  of  the  year  in  improving  Federal-aid  routes  under  the 
primary,  secondary,  and  urban  programs  were  outstanding,  the  Interstate  System 
continued  to  be  the  center  of  public  interest.  At  the  close  of  the  fiscal  year,  the 
fourth  year  of  the  accelerated  program,  more  than  9,100  miles  of  the  41.000-mile 
Interstate  System  were  open  to  traffic  and  construction  was  underway  on  another 
4,700  miles.  Motorists  everywhere  were  gaging  for  themselves  the  great  advan- 
tages of  the  controlled-access  freeway,  with  its  greater  safety,  freedom  from 
crosstraffic,  relief  from  driving  tension,  and  savings  in  travel  time  and  vehicle 
operating  costs.  Industrial,  commercial,  and  residential  centers  were  being  at- 
tracted to  locations  adjacent  to  the  Interstate  right-of-way. 

Locating  the  Interstate  route  sections  continued  to  be  the  subject  of  intensive 
effort.  The  State  highway  departments  conducted  extensive  engineering  and 
economic  studies,  coordinating  and  collaborating  in  their  planning  with  local 
oflScials  and  planning  agencies,  to  assure  selection  of  locations  in  the  best  overall 
public  interest.  Public  hearings  were  held  so  that  proposals  could  be  explained 
and  opinions  and  facts  developed  by  interested  groups  and  individuals  could  be 
presented. 

During  the  year  a  special  subcommittee  of  the  House  Public  Works  Committee 
was  appointed  to  investigate  the  Federal-aid  highway  program,  with  particular 


attention  to  the  Interstate  System.  The  subcommittee  held  two  heai'ings :  one 
concerned  with  the  increase  of  vertical  clearance  on  the  Interstate  System  from 
]4  to  16  feet  at  the  request  of  the  Department  of  Defense;  the  other  with  alleged 
falsification  of  test  reports  and  other  irregularities  of  project  personnel  on  an 
Interstate  project  in  Oklahoma.  In  addition,  the  President  directed  his  special 
assistant  for  public  works  matters  to  review  the  policies  and  design  standards 
under  which  the  Interstate  System  was  being  planned  and  built.  Public  Roads 
provided  a  large  amount  of  information  and  data  to  both  of  these  groups  during 
the  year. 

Federal-aid    financing 

Progress  of  the  Interstate  System  program  was  threatened  with  a  complete 
stoppage  at  the  beginning  of  the  fiscal  year,  due  to  more  rapid  use  of  money  ac- 
cumulated in  the  Highway  Trust  Fund  than  was  anticipated  in  the  original  legis- 
lation, resulting  from  accelerated  spending  called  for  under  the  Federal-Aid 
Highway  Act  of  1958.  The  1958  Act  had  increased  the  Interstate  authorization 
for  fiscal  year  1960  from  $2.2  to  $2.5  billion  and  directed  that  it  be  apportioned  in 
full,  disregarding  the  pay-as-you-go  provision  of  the  1956  legislation.  It  was  rec- 
ognized that  this  action  would  deplete  the  surplus  accumulated  in  the  Trust  Fund 
in  prior  years  and  would  preclude  apportioning  any  funds  for  the  Interstate 
System  for  fiscal  year  1961.  With  passage  of  the  Federal-Aid  Highway  Act  of 
1959,  however,  additional  revenue  was  provided  for  the  Trust  Fund,  and  it  was 
possible  to  keep  the  Interstate  program  going  with  an  apportionment  of  $1.8 
billion  for  the  fiscal  year  1961. 

There  is,  in  addition,  a  long-range  problem  of  financing  the  Intei-state  System 
program.  The  estimate  of  the  cost  of  completing  the  system,  presented  to  the 
Congress  in  January  1958,  showed  that  Federal  and  State  matching  financing  re- 
quired after  July  1,  1956,  amounted  to  $37.6  billion,  as  compared  with  the  $27.6 
billion  available  from  authorizations  of  the  1954  and  subsequent  Federal-aid  acts 
together  with  State  matching  funds. 

A  new  detailed  cost  estimate  for  the  Interstate  System  was  being  completed 
and  will  be  presented  to  the  Congress  in  1961.  Early  indications  were  that  the 
new  estimate  would  not  differ  greatly  from  the  earlier  one.  From  this  new 
estimate  and  the  results  of  the  highway  cost  allocation  study  the  Congress  will 
have  a  wealth  of  information  as  a  basis  for  consideration  of  appropriate  schedul- 
ing and  financing  of  Interstate  and  other  Federal-aid  programs,  and  for  the 
equitable  distribution  of  taxes  to  support  the  programs  among  the  classes  of 
highway  users  and  other  beneficiaries'. 

Construction  contracts  and  prices 

The  Federal-aid  highway  construction  program  is  accomplished  under  the 
traditional  American  practice  of  competitive  bidding  for  contracts  let  by  the 
States.  Competition  during  the  fiscal  year  was  generally  quite  .spirited,  with  an 
average  of  7.6  bidders  per  contract.  Successful  bidders  on  Federal-aid  primary 
contracts  averaged  lesvs  than  two  contract  awards  each. 

During  the  fiscal  year,  6,472  Federal-aid  construction  contracts  were  awai-ded, 
of  which  3,477  were  on  the  primary  system  and  2,995  on  the  secondary  system. 
Forty-six  percent  of  the  primary  system  contracts  were  for  Interstate  work. 
Contracts  for  urban  work  are  included  in  the  total  for  the  primary  system. 
Included  in  the  totals  were  634  miscellaneous  contracts  for  such  work  as  test 
borings,  building  demolition,  landscaping,  storm  drainage,  etc. 

The  average  size  contract  was  $404,000,  and  about  90  percent  of  the  contracts 
were  for  less  than  $1  million. 

At  the  end  of  the  fiscal  year  there  were  11,300  different  contracting  organiza- 
tions qualified,  licensed,  or  otherwise  recognized  as  comi)etent  to  bid  on  highway 


and  bridge  contracts  by  the  highway  departments  of  tlie  50  States,  the  District  of 
Columbia,  and  Puerto  Rico. 

The  trend  of  stabilization  in  highway  construction  bid  prices,  which  began  in 
the  second  quarter  of  fiscal  year  lO.j",  continued  throughout  fiscal  year  1960 
with  a  slight  tendency  toward  a  downward  movement.  The  composite  index 
for  the  first  quarter  of  fiscal  year  10.57  was  167.2  (192.5-29=100)  which  was 
11.9  percent  above  the  low  point  of  149.4  at  the  end  of  fiscal  year  1955.  The 
composite  index  for  the  foiirth  quarter  of  fiscal  year  19.59  was  163.1  which  was 
9.2  percent  above  the  same  low  point.  Tlie  index  for  the  fourth  quarter  of 
1960  was  159.1  resxilting  in  a  net  decrease  of  2.5  percent  diiring  fiscal  year 
I960. 

Highway  construction  wage  rates  increased  4.5  percent  during  the  fiscal  year, 
but  as  a  result  of  continually  improving  productivity  in  highway  construction, 
the  cost  of  labor  actually  decreased  2.6  percent.  The  cost  of  highway  construc- 
tion materials  dropped  0.8  percent,  but  equipment  ownership  costs  rose  1  percent 
during  the  year.  The  weighted  average  decrease  of  labor,  materials,  and  equip- 
ment ownership  costs  was  0.9  percent,  compared  with  an  increase  of  1.7  percent 
during  fiscal  year  1959. 

Research 

Public  Roads,  in  cooperation  with  the  State  highway  departments  and  others, 
continued  extensive  studies  concerning  the  allocation  of  highway  cost  responsi- 
bilities and  benefits  and  maximum  desirable  vehicle  size  and  weight  limitations. 
Final  reports  on  these  studies,  requested  l)y  the  Congress,  were  to  be  completed 
in  January  1961. 

In  its  own  ofl3ces  and  laboratories,  and  through  cooperative  research  projects. 
Public  Roads  continued  to  carry  on  research  in  a  wide  range  of  fields  related  to 
highways  and  transportation.  Public  Roads  was  also  collaborating  with  the 
States  and  others  in  the  AASHO  Road  Test,  an  intensive  investigation  of  the  per- 
formance of  Portland  cement  concrete  and  bituminous  pavements  and  of  bridges 
under  varied  weights  of  controlled  traffic. 

Development  of  the  Federal-Aid  Program 

For  those  unfamiliar  with  the  history  and  operation  of  the  Federal-aid 
program,  a  brief  account  follows. 

Federal  aid  to  the  States  for  highway  improvement  had  its  modest  beginning 
in  the  Federal-Aid  Road  Act  of  1916.  Through  tlie  years,  without  interruption 
except  in  World  War  II,  the  program  has  continued  to  grow  in  size  and  im- 
portance commensurate  with  the  explosive  growth  of  motor-vehicle  transporta- 
tion in  the  United  States.  For  almost  two  decades,  use  of  Federal  aid  was 
restricted  to  rural  portions  of  what  now  constitutes  the  Federal-aid  in-imary 
highway  system,  an  extensive  network  including  most  of  the  country's  main- 
traveled  roads.  Since  1934  Federal  aid  has  also  been  extended  to  the  urban 
portions  of  this  system,  and  since  1944  to  a  Federal-aid  secondary  highway  system 
of  farm-to-market  roads. 

In  1944  also,  the  National  System  of  Interstate  and  Defense  Highways  was 
brought  into  being.  This  Interstate  System,  as  it  is  commonly  called,  is  limited 
to  41,000  miles  in  extent,  and  constitutes  the  most  important  portions  of  the 
Federal-aid  primary  system.  Federal-aid  funds,  however,  were  not  specifically 
authorized  for  the  Interstate  System,  or  were  provided  only  in  relatively  modest 
amounts,  until  19.56. 

The  Federal-Aid  Iligliway  Act  of  1956,  augmented  by  the  Federal-Aid  High- 
way Acts  of  195S  and  1959,  authorized  a  tremendously  enlarged  highway  pro- 
gram which,  in  its  entirety,  will  be  the  greatest  peacetime  construction  pro- 


gram  in  history.  While  extending  at  an  increased  rate  the  traditional  aid  for 
primary,  secondary,  and  urban  highway  improvements,  the  1956  act  authorized 
Federal  aid  over  a  13-year  period  for  completion  of  the  Interstate  System.  The 
1956  act  also  established  a  Federal  highway  trust  fund  to  receive  Federal 
highway-user  excise  taxes  and  from  which  funds  for  Federal  highway  aid 
are  disbursed. 

The  Federal-aid  authorizations  are  made  in  four  categories  :  For  the  Inter- 
state System,  and  for  primary,  secondary,  and  urban  highways — the  latter 
group  are  often  referred  to  as  the  ABC  program.  The  1956  act,  as  amended, 
authorized  $25.1  billion  of  Federal  aid  for  the  Interstate  System,  spread  over 
the  13  fiscal  years  1957-69.  Authorizations  for  the  ABC  program,  usually 
made  biennially,  have  risen  $25  million  annually  in  recent  years,  from  $825 
million  for  fiscal  year  1957  to  $925  million  for  1961.  Federal-aid  funds  for 
the  ABC  program  are  apportioned  among  the  States  according  to  formulas 
prescribed  by  law,  taking  into  account  population,  area,  and  postal  route  mile- 
age. Interstate  funds  are  apportioned  among  the  States  on  the  basis  of  need, 
to  insure  simultaneous  completion  of  the  system  in  all  States. 

Interstate  funds  are  matched  by  the  States  on  a  90-percent  Federal  10- 
percent  State  basis ;  the  ABC  funds  are  matched  50-50.  States  with  large 
areas  of  public  lands  match  on  a  proportionately  reduced  scale.  Federal  aid 
may  be  used  only  for  highway  improvements,  not  for  maintenance.  The  pro- 
gram is  a  cooperative  enterprise  in  which  the  States  have  the  initiative  and 
responsibility  for  the  selection,  design,  and  construction  of  the  Federal-aid 
projects,  subject  to  review  and  approval  of  each  stage  by  the  Bureau  of  Public 
Roads. 

As  of  December  31,  1959,  the  Federal-aid  primary  system  totaled  264,576 
miles  in  extent,  including  the  Interstate  System.  There  were  589,681  miles 
in  the  Federal-aid  secondary  system.  The  urban  portions  of  the  primary  and 
secondary  systems  totaled  35,309  miles. 

Legislation 

The  short-term  difficulties  in  financing  the  Interstate  program  (discussed 
later  in  this  report  in  connection  with  the  Highway  Trust  Fund)  led  the  Presi- 
dent, in  his  January  1959  budget  message,  to  recommend  that  the  Federal 
motor-fuel  tax  be  increased  by  1%  cents  per  gallon  for  a  5-year  period.  After 
considerable  discussion,  the  Congress  enacted  compromise  legislation  in  the 
Federal-Aid  Highway  Act  of  1959,  which  was  signed  into  law  on  September  21, 
1959. 

Title  II  of  the  act  increased  the  motor-fuel  tax  rate  from  3  cents  to  4  cents 
per  gallon  for  the  21-month  period  from  October  1,  1959,  through  June  30,  1961. 
Thereafter  the  act  provided  that  the  1-cent  fuel  tax  increase  was  to  be  replaced 
as  a  source  of  additional  revenue  by  the  dedication  to  the  Highway  Trust  Fund 
of  one-half  of  the  existing  10-percent  excise  tax  on  the  manufacturer's  price  of 
new  automobiles  and  five-eighths  of  the  S-percent  tax  on  the  manufacturer's  price 
of  motor-vehicle  parts  and  accessories,  during  the  3  years  from  July  1,  1961, 
through  June  30,  1964.  Revenues  from  these  two  taxes  normally  go  in  entirety 
to  the  general  fund  of  the  Treasury. 

The  taxes  earmarked  by  the  1959  Act  for  the  Highway  Trust  Fund  were  ex- 
pected to  provide  some  $3.4  billion  in  additional  revenue  during  the  5-year  period. 

In  addition  to  its  revenue  provisions,  the  1959  Act  changed  the  authorization 
for  the  Interstate  System  program  for  the  fiscal  year  1961  to  $2.0  billion.  Orig- 
inally set  at  $2.2  billion  by  the  Federal-Aid  Highway  Act  of  1956,  the  authoriza- 
tion had  been  raised  to  $2.5  billion  by  the  Act  of  1958. 
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Also  as  ail  aid  to  solvition  of  the  short-range  tinauciug  problems  of  the  Federal- 
aid  program,  the  Congress,  in  the  Mutual  Security  Appropriations  Act  approved 
September  28,  1959,  provided  for  an  advance  of  $359  million  from  the  Treasury 
to  the  Highway  Trust  Fund.  Such  advances  had  been  contemplated  and  author- 
ized in  the  Federal-Aid  Highway  Act  of  1956.  The  full  amount  of  the  advance 
was  repaid  prior  to  the  end  of  the  fiscal  year. 

At  the  close  of  the  fiscal  year  the  Congress  had  under  consideration  bills  pro- 
viding for  the  traditional  biennial  authorizations  for  the  Federal-aid  primary, 
secondary,  and  urban  (ABC)  programs  and  the  public  domain  highway  pro- 
grams, for  the  fiscal  years  1962  and  1963.  (Legislation  was  enacted  as  the 
Federal  Highway  Act  of  1960  and  approved  July  14,  1960,  authorizing  $925  mil- 
lion for  the  ABC  program  and  about  $120  million  for  public  domain  roads  for 
each  of  the  fiscal  years  1962  and  1963.) 

Subsequent  to  the  codification  in  the  previous  fiscal  year  of  the  many  laws 
relating  to  Federal  aid  for  highways,  in  Title  23,  United  States  Code,  a  complete 
revision  of  the  regulations  for  the  administration  of  Federal  aid  for  highways 
was  undertaken  and  completed.  The  new  regulations  became  effective  on  May 
11,  1960.  Relatively  brief  in  form,  the  regulations  are  de.signed  to  supplement 
and  implement  the  Federal-aid  laws  without  restating  them. 

The  National  System  of  Interstate  and  Defense  Highways 

The  National  System  of  Interstate  and  Defense  Highways  is  a  41,000-mile 
planned,  integrated  network  of  the  Nation's  most  heavily  traveled  routes,  link- 
ing the  country's  metroixjlitan  areas  and  industrial  centers,  serving  the  na- 
tional defense,  and  connecting  with  routes  of  continental  importance  in  Canada 
and  Mexico.  Comprising  little  more  than  1  percent  of  the  total  U.S.  mileage, 
the  system  when  completed  will  carry  over  20  percent  of  the  Nation's  traffic. 

Status  at  end  of  year 

The  accomplishments  of  4  years  of  concentrated  effort  on  the  Interstate  pro- 
gram were  testimony  to  the  capabilities  of  the  State  highway  departments,  Public 
Roads,  and  the  contractor,  materials,  and  equii)ment  industries.  At  the  end 
of  the  fiscal  year,  9,107  miles  of  the  Interstate  System  were  open  to  traffic  and 
construction  was  under  way  on  another  4,690  miles. 

Of  the  sections  open  to  use,  3,693  miles  were  completed  to  standards  adequate 
for  1975  traffic,  the  program's  objective;  and  3.140  miles  had  been  improved 
and  were  fully  capable  of  handling  current  traffic  but  needed  additional  im- 
provements to  bring  them  up  to  standards  for  1975.  These  accomplishments 
had  been  achieved  with  Federal-aid  Interstate  and  other  public  funds. 

In  addition,  2,274  miles  of  toll  roads,  bridges,  and  tunnels  had  been  incorpo- 
rated in  the  system.  Their  inclusion  is  permitted  by  law,  but  Federal-aid  fmids 
may  not  be  used  for  their  improvement,  and  they  continue  to  operate  as  toll 
facilities. 

Almost  half  of  the  mileage  open  to  traffic,  4,386  miles,  has  been  built  or  im- 
proved under  the  Federal-aid  Interstate  program,  most  of  it  since  passage 
of  the  1956  Act.  Work  on  the  remaining  2,447  miles  (other  than  toll  facilities) 
was  financed  by  the  States  and  localities  under  other  programs — in  many  cases 
with  Federal  aid. 

In  addition  to  the  sections  open  to  traffic,  4,690  miles  were  under  construction 
with  Federal-aid  funds  at  the  end  of  the  fiscal  year,  and  engineering  or  right- 
of-way  acquisition  was  in  progress  on  another  10,093  miles.  Thus  some  form 
of  work  was  completed  or  underway  on  23,890  miles  of  the  41,000  mile  system — 
over  half  the  total. 


Interstate  Route  65  bypassing  Lebanon,  Ind.  Access  control  was  acquiretl 
along  the  existing  two-lane  bypass  and  it  was  used  as  one  roadway  of  the 
divided  freeway. 


The  status  of  improvement  of  the  Interstate  System  is  shown  in  summary  in 
tlie  table  on  this  page  and  by  States  in  appendix  table  12.  A  map  showing  the 
general  location  of  sections  completed  or  underway  appears  on  pages  52-53. 

Status  of  improvement  of  the  Interstate  System  as  of  June  30,  1960 


Improvements 

Financing  with— 

Total 

Interstate 
funds ' 

Other  pubhc 
funds  2 

Improved  and  open  to  traffic: 

Completed  to  full  or  acceptable  standards 

Miles 
3,141 

1,245 

Miles 
552 

1,895 

Aliles 
3,693 

3,140 
2,274 

Improved  to  standards  adequate  for  present  traffic 
but  additional  improvement  needed  to  meet  full 

Toll  facilities 

4,386 
4,690 
10, 093 
14,  783 

2,447 

3  9,  107 
4,  690 
10, 093 

Improvements  underway  with  Interstate  funds: 
Under  construction 

Preliminary  engineering  or  right-of-way  acquisition 

Total  improvements  underway 

14,  783 
3  23, 890 

1  Including  State  matching  funds. 

2  Including  some  Federal  aid. 

3  Including  toll  facilities. 
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Development  of  the  system 

The  Interstate  System  was  created,  with  a  40,000-inile  limitation,  by  the  Feder- 
al-Aid Highway  Act  of  1944.  General  locations  of  37,700  miles  of  intercity  routes 
were  officially  designated  in  1947,  and  2,800  miles  of  routes  arcjund,  into,  and 
through  cities  were  designated  in  1955.  Taken  into  account  in  the  selections, 
made  cooperatively  by  the  States  and  Public  Roads,  were  the  basic  factors  of 
poinilation  service,  transportation  requirements  of  industry,  commerce,  and  ag- 
riculture, system  integration,  and  needs  of  national  defense. 

The  Federal-Aid  Highway  Act  of  195G  provided  a  1,000-mile  increase  in  the 
limitation  of  the  Interstate  System  ;  and  about  that  time  it  became  evident,  as 
the  States  selected  detailed  locations  for  the  routes  of  the  originally  designated 
40,000  miles,  that  considerable  mileage  saving  had  resulted  from  adoption  of 
alinements  more  direct  than  those  of  existing  highways.  As  a  consequence, 
2,100  miles  of  additional  routes  were  designated  in  1957  within  the  41,000-mile 
limit. 

At  the  end  of  the  fiscal  year  the  designated  Interstate  System  totaled  40,594 
miles  of  which  85,570  were  rural  and  5,024  were  urban.  The  remaining  406  miles 
within  the  41,000-mile  limitation  were  held  in  reserve  for  adjustments  as  final 
locations  are  selected  and  projects  built.  The  States  continued  economic  and  en- 
gineering studies  to  determine  the  most  feasible  locations  for  the  Interstate  route 
sections,  both  for  the  immediate  work  of  right-of-way  acquisition  and  construc- 
tion and  for  the  revised  estimate  of  the  cost  of  completing  the  system,  which  was 
luiderway.  At  the  end  of  the  year  definite  or  feasible  locations  had  been  selected 
by  the  States  and  approved  by  Public  Roads  for  all  routes. 

Until  195G,  only  limited  amounts  of  Federal-aid  funds  were  specifically  author- 
ized by  Congress  for  Interstate  System  improvement,  although  Federal-aid  pri- 
mary and  urban  funds  could  be  and  were  used  to  a  considerable  extent  for  that 
purpose.  The  picture  changed  radically  when  the  1956  Act,  as  now  amended  by 
the  1958  and  1959  Federal-Aid  Acts,  authorized  a  total  of  $25,125  billion  over  the 
13-year  period  1957-69  for  completion  of  the  Interstate  System.  These  funds  are 
matched  on  a  90-percent  Federal,  10-percent  State  basis. 

Federal-aid  authorizations  for  the  Interstate  System  totaling  .$7.4  billion,  for 
the  fiscal  years  1957-60,  had  been  apportioned  to  the  States  prior  to  the  fiscal 
year.  While  the  authorized  amount  for  the  fiscal  year  1961  was  $2  billion,  the 
anticipated  resources  of  the  Highway  Trust  Fund  did  not  permit  a  full  appor- 
tionment. As  a  consequence,  an  apportionment  of  $1.8  billion  was  made  to  the 
States,  on  October  8,  1959. 

Progress  during  the  year 

The  details  of  route  selection,  making  of  surveys  and  plans,  acquisition  of 
right-of-way,  and  construction  of  projects  of  the  magnitude  and  complexity 
involved  in  the  Interstate  System  often  take  3  or  4  years  from  conception  to  com- 
pletion. Many  route  sections  are  being  built  in  stages,  with  an  initial  project 
for  grading  and  drainage  and  a  subsequent  project  for  paving.  Some  existing 
highways  are  improved  and  augmented  to  attain  Interstate  standards;  for  ex- 
ample, by  acquisition  of  access  control,  or  by  adding  another  roadway  to  a  two- 
lane  road,  to  make  a  four-lane  divided  freeway. 

Much  was  accomplished  in  the  Interstate  Sy.stem  program  during  the  fiscal 
year.  Improvements  were  programed  during  the  year  on  2,192  miles,  with 
an  estimated  cost  of  ,$1.92  billion  including  $1.55  billion  of  Federal-aid  Inter- 
state funds. 

Improvements  involving  Federal-aid  Interstate  funds  were  completed  during 
the  fiscal  year  on  2,402  miles  of  the  Interstate  System  at  a  total  cost  of  $1,718,- 
561,367,   of  which  $1,453,210,937  was  the  Federal  share.     Completed  work  in- 
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eluded  1,647  miles  of  bituminous  and  portland  cement  concrete  surfacing,  702 
miles  of  grading,  drainage  work,  and  temporary  surfacing,  and  53  miles  of  struc- 
tures involving  612  bridges  over  streams,  1,560  bridges  over  highways  to  provide 
traflSc  grade  separations,  and  196  railway-highway  grade-separation  structures. 

At  the  end  of  the  year  a  total  of  $790  million  worth  of  work  was  in  program 
status,  and  4,278  projects  with  a  total  estimated  cost  of  $5.1  billion  were  under- 
way or  scheduled  to  start  soon. 

Excluding  projects  that  have  only  been  programed,  a  total  of  $8.4  billion 
had  been  obligated  for  the  Interstate  System  at  the  end  of  the  fiscal  year,  of 
which  6  percent  was  for  preliminary  engineering,  25  percent  for  right-of-way 
acquisition,  and  69  percent  for  construction.  At  the  end  of  the  previous  year 
$6.5  billion  had  been  obligated,  of  which  68  percent  was  for  construction. 

Interstate  System  Progress:  Case  Histories 

Statistics  show  in  an  abstract  way  the  marked  progress  of  the  Interstate  Sys- 
tem program  during  the  4  years  since  passage  of  the  Federal-Aid  Highway  Act 
of  1956.  Far  more  impressive  to  the  average  motorist  or  trucker,  however,  were 
the  many  completed  sections  open  for  their  use,  ranging  from  a  few  miles  to 
more  than  a  hundred  miles  in  length.  The  bright  new%  red-white-and-blue  Inter- 
state route  marker  was  becoming  widely  recognized  as  a  symbol  of  swift,  safe, 
tension-free  travel.  Vehicle  drivers  noted,  too,  the  promise  of  the  future  in 
the  big  construction  jobs  they  saw  underway,  paralleling  the  old,  crowded 
routes  they  traveled ;  although  sometimes  their  patience  was  tried  by  detours 
or  delays  at  construction  operations.  But  the  individual  driver  was  apt  to  know 
only  of  Interstate  progress  in  his  own  locale,  or  along  the  route  of  his  annual 
vacation  trip.  A  clearer  picture  of  nationwide  progress  may  be  gained,  per- 
haps, by  brief  glimpses  of  typical  Interstate  projects  across  the  land,  completed 
or  underway  during  the  year. 

In  Arizona,  a  55-mile  section  of  Interstate  Route  17  from  the  Verde  Valley 
to  Flagstaff,  much  of  it  through  national  forest  land,  will  be  completed  late  in 
1960  at  a  cost  of  $15.8  million.  Ten  miles  were  being  built  as  a  four-lane  divided 
highway,  with  the  two  roadways  independently  designed.  The  remaining  45 
miles  were  being  built  as  a  two-lane  highway,  but  will  eventually  be  developed 
as  a  four-lane  divided  freeway.  The  new  route  will  cut  travel  time  between 
the  Verde  River  and  Flagstaff  by  30  minutes. 

In  Arkansas,  construction  was  started  on  a  major  interchange  on  Interstate 
Route  30,  which  skirts  the  city  limits  of  Little  Rock  through  sparsely  populated, 
marshy  lowlands.  An  estimated  9,000  vehicles  a  day  will  be  funneled  from 
relocated  U.S.  Routes  65  and  167  into  the  Interstate  route  and  into  Little  Rock 
at  this  interchange. 

In  California,  a  2.8-mile  section  of  Interstate  Route  680,  bypassing  the  city  of 
Walnut  Creek,  was  completed  during  the  year.  The  four-  and  six-lane  freeway 
(ultimately  to  have  six  and  eight  lanes)  removed  through  tratfic  from  a  heavily 
congested  four-lane  city  street.  The  bypass,  part  of  a  circumferential  route 
around  the  lower  portion  of  San  Francisco  Bay,  was  carrying  25,000  vehicles 
daily,  with  anticipated  growth  to  45,000  by  1975. 

Another  California  project  completed  during  the  year  was  a  6.4-mile  stretch 
of  eight-lane  divided  highway  on  Interstate  Route  5  south  of  Bakersfield.  The 
old  four-lane  road,  with  improved  alinement  and  new  pavement,  carries  south- 
bound traffic,  and  an  entirely  new  four-lane  roadway  was  built  for  northbound 
traffic.  Because  of  the  rugged  terrain  the  southbound  roadway  has  a  long, 
adverse  6-percent  grade,  but  slow-moving  vehicles  are  restricted  to  the  outside 
lane,  leaving  three  lanes  for  faster  traffic.     The  road  was  being  used  by  over 


Interstate  Route  5,  an  eight-lane  highway  south  of  Bakersfiehl,  Calif.      The  old 
four-lane  road  was  improved  and  used  as  one  of  the  twin  roadivays. 


Interstate  Route  75  in  Georgia  bypasses  the  city  of  Tifton  but  provides  service 
through  the  interchange  with  U.S.  82. 
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15,000  vehicles  a  day,  and  travel  time  between  .southern  California  and  the  San 
Joaquin  Valley  has  been  sharply  reduced. 

In  Colorado,  the  Monument  Valley  Freeway,  part  of  Interstate  Route  25,  was 
opened  to  traffic  at  the  end  of  the  fiscal  year.  The  8.7-mile  freeway,  which  cost 
$9.8  million,  parallels  a  creek  through  Colorado  Springs  and  continues  3  miles 
north  of  the  city  limits  to  U.S.  Routes  85  and  87.  The  new  route  has  reduced 
congestion  on  the  old  main  cross-town  route,  a  four-lane  divided  facility  which 
has  many  traffic-hampering  at-grade  street  intersections.  Land  on  both  sides 
of  the  northern  part  of  the  new  freeway  was  already  being  developed  for  indus- 
trial and  residential  use. 

In  Connecticut,  completion  of  8.5  miles  of  four-lane  divided  highway  on  Inter- 
state Route  91  opened  the  whole  length  in  that  State  of  the  Hartford-Springfield 
(Mass.)  Expressway.  The  old,  congested  two-lane  road,  now  relieved  by  Inter- 
state 91,  carried  13,000  vehicles  per  day  and  had  a  record  of  130  accidents  per 
100  million  vehicle-miles  of  travel. 

In  the  District  of  Columbia,  a  short  but  vital  section  of  the  Southwest  Free- 
way, part  of  Interstate  Route  95,  was  under  construction.  This  i/4-mile,  six- 
and  eight-lane  elevated  facility  is  a  part  of  the  Inner  Loop  Freeway  which  will 
circle  the  "down-town"  area  of  the  Nation's  capital.  From  its  inception,  the 
Southwest  Freeway  has  been  an  integral  part  of  the  extensive  urban  redevelop- 
ment plans  for  southwest  Washington,  now  well  underway.  The  freeway  and 
redevelopment  projects  have  been  closely  coordinated,  to  the  mutual  benefit 
of  both.  Right-of-way  for  the  freeway  was  acquired  for  the  District  Department 
of  Highways  and  Traffic  by  the  Redevelopment  Land  Agency,  the  local  body 
administering  the  redevelopment  work. 

In  Florida,  the  8-mile  36th  Street  Expressway  being  built  to  serve  the  Miami 
area,  when  completed,  will  lead  from  Miami  Beach  to  Miami  and  an  inter- 
change at  Interstate  Route  95,  thence  continuing  west  to  U.S.  27.  Daily  traffic 
of  30,000  vehicles  was  already  using  the  3-nule  completed  section  from  Miami 
Beach  to  U.S.  1,  with  considerable  relief  of  congestion  on  the  other  causeways 
across  Biscayne  Bay. 

In  Georgia,  a  37-mile  section  of  Interstate  Route  75  was  completed  in  Tift  and 
Turner  Counties.  The  four-lane  divided  highway,  built  at  a  cost  of  $15  million, 
includes  32  bridges,  41  ramps  and  separation  roadways  with  a  total  length  of 
18  miles,  and  11  miles  of  frontage  roads  needed  for  disrupted  local  traffic  service. 
The  route  was  being  extended  by  a  35-mile  construction  project  to  the  north  and 
a  5.5-mile  project  south  to  the  Florida  State  line.  The  potential  of  this  major 
north-south  highway  is  indicated  by  a  1956  study  at  the  Florida  line,  which 
reported  that  trans-State  trips  alone  along  this  route  totaled  5,000  vehicles 
daily. 

In  Idaho,  the  5-mile  Coeur  d'Alene  Belt  Route  was  being  built  as  part  of 
Interstate  Route  90.  This  four-lane  divided  freeway  will  relieve  congestion  on 
the  narrow  four-lane  street  that  presently  carries  U.S.  10  through  the  city's  main 
business  district.  One-f(mrth  of  the  7,500  vehicles  i)er  day  now  going  through 
Coeur  d'Alene  are  ont-of-State  piasisenger  cars. 

In  Illinois,  construction  was  underway  all  along  Interstate  Route  80  from 
U.S.  66,  near  Joliet,  west  to  Ottawa.  (Ottawa  is  the  site  of  the  AASHO  Test 
Road,  described  elsewhere  in  this  report,  whose  roadbed  is  destined  to  become  a 
part  of  Interstate  80.)  The  35-mile,  four-lane  divided  freeway,  costing  $16 
million,  will  be  4  miles  shorter  than  the  narrow,  winding  section  of  U.S.  6  which 
it  will  replace.    Predicted  traffic  is  about  1(5,000  vehicles  daily. 

In  Indiana,  the  Lebanon  Bypass  on  Interstate  Route  65  was  completed  early 
in  the  fiscal  year.  This  project  involved  converting  a  two-lane  road  without 
access   control  to   a  four-lane  divided  freeway.     Seven   miles   of  construction 
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projects,  to  cost  $3.6  million,  were  underway  on  this  route  between  Lebanon  and 
Indianapolis. 

In  Iowa,  the  first  mile  of  the  Bes  Moines  Freeway  was  under  construction. 
The  planned  .$.17  million,  Ifi-mile  city-piercing  route  will  carry  14,000  vehicles 
per  day  when  opened  and  40,000  by  lOTH.  Some  41.000  vehicles  now  go  through 
the  central  business  district  daily,  many  for  lack  of  a  more  direct  or  efficient 
route.  Obviously,  completion  of  the  freeway  will  greatly  reduce  congestion  on 
the  alread.v  crowded  city  streets.  Annual  savings  to  motorists  using  the  freeway 
when  complete  are  estimated  at  .$3.1  million,  which  would  pay  for  the  construc- 
tion cost  in  19  years.  Clearing  the  right-of-way  for  the  section  l»eing  built 
required  razing  3.">0  buildings,  many  of  which  were  dismantled  by  individuals 
to  obtain  low-cost  lumber  for  building  houses  elsewhere  in  the  city.  Much  of 
the  freeway  is  a  depressed  section,  and  the  waste  excavation  material  has  been 
used  to  fill  low-lying  areas.  Land  reclaimed  in  this  manner  has  been  used  for 
a  playground,  a  park,  a  projected  shopping  center,  and  a  potential  industrial 
site  along  the  river. 

In  Kansas,  the  Muncie  Expressway  in  Kansas  City,  part  of  Interstate  Route 
70,  was  completed  except  for  a  new  viaduct  l»eing  liuilt  adjacent  to  the  present 
Intercity  Viaduct  crossing  the  Kansas  River  into  Kansas  City.  Mo.  The  via- 
iJuets  also  cross  a  complex  of  highways  and  railroads  and  terminate  at  a  direc- 
tional interchange  which  w-as  under  construction.  The  2.8-mile,  six-lane  divided 
expressway  connects  at  the  west  with  the  Kansas  Turnpike,  a  part  of  Interstate 
70,  and  forms  an  important  link  in  the  Kansas  City  metropolitan  area  freeway 
network.  Travel  time  during  peak  hours  on  the  parallel  U.S.  24  from  the  west 
city  limits  to  the  Intercity  Viaduct  requires  11  minutes,  at  a  speed  of  16  miles 
per  hour,  as  compared  with  6  minutes,  at  a  speed  of  4~>  miles  per  hour,  via  the 
Muncie  Expressway ;  this  despite  the  longer  travel  distance  of  4^2  miles  via  the 
expressway  versus  3  miles  via  U.S.  24. 

In  Kentucky,  a  12.7-mile  section  of  Interstate  Route  65  was  completed  during 
the  year  between  Uptown  and  Elizabeth  town,  from  which  the  Kentucky  Turn- 
pike continues  40  miles  to  Louisville.  Traffic  on  the  new  section  had  reached 
4,700  vehicles  per  day.  while  that  on  the  old  route.  U.S.  31-W.  had  dropped  to 
less  than  half  its  former  volume.  Interstate  traffic  now  avoids  the  Nolin  River 
bridge  on  U.S.  31-W,  where  a  number  of  accidents  have  occurred. 

In  Louisiana,  construction  was  well  along  on  an  interchange  at  the  junction 
of  Interstate  Route  10  and  T\S.  !10.  just  west  of  the  Calcasieu  River  Bridge  at 
Lake  Charles.  Daily  traffic  of  l."i.."iOO  vehicles  at  this  location  has  been  con- 
gested, moving  at  less  than  2.")  miles  per  hour  during  rush  hours.  The  com- 
pleted project  will  accommodate  much  more  traffic,  operating  safely  at  speeds 
near  .50  miles  per  hour. 

In  Maryland,  a  7-mile  section  of  the  southbound  lane  of  Interstate  Route  83 
was  under  construction.  The  rest  of  this  6.5-mile  freeway  from  Baltimore 
to  Harrisburg,  Pa.,  was  completed  and  in  use.  Contracts  were  let  during 
the  year  for  two  complex  interchanges  and  other  work  on  the  Jones  Falls 
Expressway,  which  will  extend  Interstate  83  into  downtown  Baltimore.  The 
6.7-mile,  six-lane  expressway  route  runs  through  the  fastest  growing  section 
of  the  metropolitan  area,  where  existing  streets  are  congested  throughout  the 
day.  Jones  Falls  Valle.v  was  the  only  corridor  into  the  city  where  freeway 
construction  was  possible  without  wholesale  destruction  of  property.  How- 
ever, railroads  and  industries  in  the  valley  had  to  be  avoided,  adjusted,  or 
shifted  in  locating  the  expressway,  and  the  sti-eam  itself  presented  special 
problems  since  it  drains  a  large  watershed.  Seven  existing  bridges  spanning 
the  valley  must  be  reconstructed  to  provide  adequate  clearance  for  the 
expressway. 
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In  Massachusetts,  14.5  miles  of  Interstate  Route  93  from  Circumferential 
Route  128  around  Boston  to  the  Merrimack  River  \Yere  open  to  traffic  during 
the  year,  including  the  Merrimack  River  Bridge.  This  is  part  of  the  23-mile, 
4-  to  8-lane  freeway  from  Boston  to  the  New  Hampshire  State  line,  designed 
to  carry  80,000  vehicles  per  day  and  due  to  be  completed  in  1961  at  a  total  cost 
of  $50  million. 

In  Michigan,  construction  of  20  miles  of  Interstate  Route  94  east  of  Battle 
Creek  was  completed  at  the  end  of  the  year,  opening  a  continuous  85-mile 
stretch  of  the  route  to  traffic,  from  Jackson  to  Paw  Paw.  The  route  bypasses 
the  cities  of  Albion,  Marshall,  Battle  Creek,  and  Kalamazoo.  Traffic  is  expected 
to  reach  19,000  vehicles  per  day  by  1975.  U.S.  12,  which  Interstate  94  replaces, 
was  hazardous  and  frustrating  to  the  heavy  traffic  it  carried  both  because  it 
went  through  the  centers  of  these  cities  and  because  of  its  many  nonpassing 
sections  due  to  inadequate  horizontal  and  vertical  alinement. 

In  Mississippi,  85  miles  of  Interstate  Route  55  from  the  Tennessee  State  line 
southward  were  under  construction.  Grading  had  been  completed  on  60  miles  of 
this  section,  and  30  miles  were  being  paved.  This  route  through  the  length  of  the 
State  will  lead  north  to  Memphis  and  south  to  New  Orleans. 

In  Missouri,  a  6-mile  section  of  Interstate  Route  70,  which  will  link  St.  Louis 
and  Kansas  City,  was  completed  just  west  of  St.  Louis.  The  four-lane  divided 
highway,  bypassing  the  city  of  St.  Charles,  cost  $11.3  million  including  a  long 
bridge  over  the  Missouri  River.  Travel  time  over  the  6-mile  distance  has  been  re- 
duced from  15  to  6  minutes.  Traffic  on  the  old  route  was  17,000  vehicles  per  day. 
The  new  Interstate  section  was  already  carrying  12.700  and  was  expected  to 
reach  31,100  vehicles  per  day  in  1975.  Motorists  now  avoid  the  five  stops,  steep 
grades,  and  low  speeds  in  St.  Charles  and  the  congestion  at  the  narrow  river 
bridge  on  the  old  route.  Residential  developments  were  springing  up  along  the 
Interstate  route  because  of  its  fast  travel  time  to  St.  Louis. 

In  Nebraska,  contracts  were  let  for  construction  of  31  miles  of  Interstate  Route 
80,  and  it  was  expected  that  the  entire  53  miles  of  this  route  between  Lincoln  and 
Omaha  will  be  completed  next  year  as  a  foiir-lane  divided  highway.  A  13-mile 
section  already  opened  to  traffic  was  carrying  3,300  vehicles  per  day  and  providing 
considerable  relief  to  U.S.  6.  New  housing  development  continued  southwest 
from  Omaha,  adjacent  to  the  Interstate  route,  and  land  values  were  rising. 

In  New  Hampshire,  construction  finished  during  the  year  completed  the  Inter- 
state Route  93  bypass  of  Concord  and  the  Boscawen  spur  connecting  Interstate  93 
and  U.S.  3  and  4.  The  8.7  mile  bypass  was  saving  motorists  enroute  to  the  White 
Mountains  4  minutes  of  travel  time  even  in  offpeak  hours,  and  was  relieving  con- 
gestion in  the  capital  city.  The  recently  completed  projects,  which  included  twin 
bridges  over  the  Merrimack  River  for  the  Interstate  route  and  another  bridge 
for  the  spur,  involved  Federal-aid  Interstate,  secondary,  and  special  "D"  funds. 

In  New  Jersey,  construction  was  undenvay  on  10.9  miles  and  was  completed  on 
8.4  miles  of  Interstate  Route  80,  which  extends  west  from  the  George  Washington 
Bridge.  An  important  segment  under  construction  was  the  seven-span  bridge 
over  the  Passaic  River  at  Paterson.  The  731-foot  long  structure  will  have  a 
roadway  width  of  132  feet.  An  existing  bridge  at  this  location  was  carrying 
50,000  vehicles  daily,  and  the  new  bridge  will  carry  114.000  by  1980. 

Also  in  New  Jersey,  progress  continued  on  the  65-mile  Interstate  Route  295, 
paralleling  the  New  Jersey  Turnpike  and  I'.S.  130  from  Trenton  to  the  Delaware 
Memorial  Bridge  near  Wilmington.  Construction  costing  $27.9  million  had  been 
completed  on  11.7  miles  and  was  underway  on  12. S  miles.  Traffic  will  reach 
84,000  vehicles  per  day  in  1975  on  secti(»ns  of  this  route. 

In  New  Mexico,  the  first  project  on  Interstate  Route  25  in  Albuquerque  was 
completed  during  the  year.     While  the  0.8-mile  divided  highway  could  not  be 
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The  first  urban  section  of  Interstate  Route  25  was  completed  in  l\ew  Mexico, 
in  the  city  of  Albuquerque. 


Horace  Harding  Expressway,  part  of  Interstate  Route  495  in  Queens.  JSew  York 
City,  is  carrying  100,000  vehicles  a  day.  (Photo  courtesy  Port  of  ISetv  York 
Authority.) 
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opened  to  traflBc  until  adjacent  construction  is  completed,  the  improvement  of 
two  arterial  cross-streets  as  part  of  the  project  has  already  somewhat  relieved 
traffic  congestion  in  the  area. 

In  New  York,  a  2-mile  section  of  the  Horace  Harding  Expressway  was  com- 
pleted during  the  year  in  the  Borough  of  Queens,  New  York  City.  The  express- 
way is  part  of  Interstate  Route  495,  which  will  cross  both  Manhattan  and 
Queens.  Part  of  the  recently  completed  six-lane  divided  highway  was  financed 
with  Interstate  funds  and  part  with  Federal-aid  urban  funds,  with  a  total  con- 
struction cost  of  $11.6  million.  Incorporated  in  the  section  was  a  cloverleaf 
interchange  built  in  1985  with  Federal  national  recovery  (NRM)  funds.  Traflic 
on  the  new  route  has  reached  100,000  vehicles  per  day,  approaching  the  110,000 
originally  predicted  for  1975.  There  were  433  accidents  involving  144  injuries 
(but  no  fatalities)  on  this  route  in  the  previous  year.  The  new  expressway 
will  undoubtedly  have  a  far  better  record. 

In  North  Carolina,  46  miles  of  the  183-mile  length  of  Interstate  Route  95 
across  the  State  had  been  completed  and  were  in  use.  Interstate  95  is  the 
major  north-south  route  along  the  east  coast,  running  from  Miami,  Fla.,  to 
Houlton,  Maine.  Along  the  completed  section  in  North  Carolina  two  pairs  of 
safety  rest  areas  (several  more  are  planned),  providing  off-highway  parking, 
running  water,  toilets,  fireplaces,  and  picnic  tables  in  an  atmosphere  of  privacy 
and  scenic  surroundings,  have  proven  very  popular. 

In  North  Dakota,  an  86-mile  length  of  four-lane  divided  highway  on  Inter- 
state Route  94  was  open  to  traffic  as  a  result  of  completion  of  a  47-mile  section 
from  Dawson  to  Jamestown  at  a  cost  of  .$19  million.  The  newly  completed 
work  included  19  major  structures,  providing  12  interchanges  and  2  highway 
and  1  railroad  gi-ade  separations.  The  new  route  parallels  U.S.  10,  which  had 
many  restricted  sight  distances  and  ran  through  several  towns  now  bypassed 
by  the  new  road.  U.S.  10  has  had  load  and  .speed  restrictions  imposed  every 
spring  to  avoid  surface  breakup  during  the  thawing  period.  Most  of  U.S.  10 
remains  as  a  local  service  road,  but  17  miles  of  it  were  used  as  one  roadway  of 
the  new  divided  highway. 

In  Ohio,  a  44-mile  section  of  Interstate  Route  90  was  completed  during  the 
year,  providing  considerable  relief  to  U.S.  20  which  formerly  carried  as  many 
as  20,000  vehicles  daily,  as  the  major  traffic  artery  from  Cleveland  east  to  the 
Pennsylvania  State  line.  The  new  route  was  designed  with  a  capacity  of  more 
than  30,000  vehicles  per  day.  Along  the  44  miles  of  4-lane  divided  freeway  are 
8  interchanges  and  41  bridges  over  highways,  railroads,  and  streams,  including 
sizable  twin  structures  over  the  Ashtabula  and  Grand  Rivers.  Total  cost  of 
the  12  projects  under  which  this  route  was  built,  including  right-of-way,  was 
$48.7  million. 

In  Oregon,  completion  of  the  6  miles  of  paving  underway  will  open  to  traffic 
a  19-mile  section  of  Interstate  Route  SON  from  Hood  River  to  The  Dalles.  One 
section  of  the  four-lane  divided  highway  has  an  8l^-foot  wide  median  with  a 
metal  median  barrier,  dictated  by  high  rock  bluffs  on  one  side  and  a  mainline 
railroad  and  the  Columbia  River  on  the  other.  Elsewhere  in  Oregon,  the  42- 
mile  length  of  Interstate  Route  5  from  Albany  to  Eugene,  which  was  well  under- 
way, will  have  a  76-foot  median.  Grading  was  complete  and  paving  contracts 
bad  been  let  for  the  entire  length.  All  structures,  including  a  $10.4  million 
bridge  over  the  Willamette  River,  were  under  contract  or  completed.  An  liy^- 
mile  section  of  the  route,  soon  to  he  opened,  varies  only  slightly  from  a  straight 
line  and  will  save  IVo  miles  in  distance. 

In  Pennsylvania,  extensive  surveys  have  been  made  for  Interstate  Route  80, 
called  the  Keystone  Shortway  for  its  length  across  the  Strife  and  construction 
was  begun  during  the  year.     This  east-west  route,  through  the  central  part  of 
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Interstate  Route  00  <rossing  the  Asluahiila   Hirer  in   Ohio.      This  is  part  of  a 
44-Tnile  section   completed  east  of  Clevelanil  during  the  year. 


Pennsylvania  from  Ohio  to  tlie  Delaware  River,  is  in  a  location  where  no  pre- 
vious direct  travel  route  existed. 

In  Rhode  Island,  a  1.8-mile  section  of  the  East  Providence  Expressway 
was  completed  and  opened  to  traffic.  This  is  a  part  of  Interstate  Route  195, 
connecting  Providence  with  Fall  River  and  New  Bedford.  Mass.  Travel  time 
on  the  newly  completed  section  is  10  minutes  less  than  on  the  parallel  local- 
road  route  under  congested  conditions. 

In  South  Carolina,  work  was  nearing  completion  on  Interstate  Route  126, 
a  3.8-mile  spur  into  downtown  Columbia  from  Interstate  Route  26  which  bypasses 
the  city  to  the  west.  Among  the  structures  built  on  the  $3.3  million  spur  are 
a  bridge  over  Broad  River  and  a  three-level  intei'change.  Traffic  on  the  route 
is  expected  to  be  over  21,000  vehicles  per  day  by  1975,  and  road-user  savings 
for  the  period  1960-75  are  estimated  at  .$9  million,  almost  three  times  the 
cost. 

In  Tennessee,  work  was  underway  on  a  2.4-mile,  .$4.3  million  project  located 
on  Interstate  Route  75  in  the  Knoxville  urban  area.  The  project  extends  from 
the  east-west  downtown-Knoxville  Interstate  route  northerly  to  the  north 
city  limits. 

In  Texas,  the  7.9-mile  Stemmons  Expressway  was  completed  during  the 
year  in  Dallas  as  part  of  Interstate  Route  35E,  at  a  cost  of  .$20  million.  Some 
parts  of  this  expressway  have  five  through  lanes  and  three  frontage-road  lanes 
for  travel  in  each  direction.     Right-of-way  was  donated. 

In  Utah,  projects  were  underway  on  Interstate  Route  15  in  two  widely  sep- 
arated locations  and  under  vastly  different  circumstances.  Near  Cove  Fort  in 
the  southwestern  part  of  the  State,  an  8.6-mile,  4-1  ane  divided  highway  was 
being  built  at  a  cost  of  .$1.7  million.     The  road  will  have  a  64-foot  median  on 
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the  northerly  portion  and  a  variable  median  np  to  700  feet  wide,  resulting 
from  separate  roadway  design,  in  the  southerly  portion  through  the  mountains. 
Located  in  a  heavy  snow  area,  the  tortuous  curves  and  steep  grades  of  the  old 
road  have  had  a  high  accident  history.  At  Salt  Lake  City  6.5  miles  of  Inter- 
state Route  15  were  under  construction,  leading  north  from  inside  the  city 
line.  An  unusual  feature  of  part  of  this  route  is  provision  of  a  five-lane 
divided  freeway  and  a  five-lane  separated  expressway  connecting  to  U.S.  91. 
Southbound  traffic  destined  for  the  northern  part  of  Salt  Lake  City  via  U.S. 
91  will  leave  the  southbound  Interstate  roadway  and  travel  southbound  on  the 
Expressway,  thus  reducing  the  lane  requirements  of  the  southbound  Interstate 
roadway. 

In  Vermont,  constn;ction  of  a  12-mile  section  of  Interstate  Route  89  west- 
ward from  Montpelier  was  nearing  completion.  In  the  $17  million  construc- 
tion project  were  3  interchanges  and  11  bridges,  including  the  $1  million,  928- 
foot  dual  bridge  crossing  the  Winooski  River,  a  railroad,  relocated  U.S.  2,  and 
two  local  roads.  Rugged  terrain  in  the  narrow  river  valley  required  heavy 
grading  and  extensive  drainage  and  foundation  work.  Completion  of  this  sec- 
tion will  be  followed  by  construction  continuing  to  Burlington,  relieving  the 
heavily  traveled  and  antiquated  U.S.  2.  Travel  time  on  the  .37-mile  route  will 
drop  from  GO  to  40  minutes,  and  accidents  will  be  reduced  by  about  two-thirds. 

In  Washington,  construction  was  started  during  the  year  on  two  sections  of 
Interstate  Route  5  in  Tacoma.  One  of  these  will  ])enetrate  the  city  from  the 
south  as  far  as  M  Street ;  the  other  traverses  farmland  north  of  the  urban 
area.  These  freeways  will  replace  U.S.  99,  a  crowded,  four-lane  street  through 
the  city.  Work  was  also  underway  on  Interstate  Route  5  in  Seattle,  where  a 
12-lane  bridge,  4,400  feet  long,  was  being  built  across  the  Lake  Washington  Ship 
Canal  at  a  cost  of  $13.5  million. 

In  Wisconsin,  a  44-mile  section  of  Interstate  Route  94  between  Hudson  and 
Menomonie  was  completed  during  the  year.  The  route  is  almost  wholly  on 
new  location  a  few  miles  south  of  U.S.  12,  which  is  now  functioning  as  a  serv- 
ice road  to  the  communities  that  lie  along  it.  The  Interstate  route  bypasses  but 
closely  serves  these  communities,  without  disturbing  their  probable  pattern  of 
growth.  About  75  percent  of  the  traffic  formerly  using  U.S.  12  has  been  diverted 
to  the  new  Interstate  route,  but  total  traffic  on  the  two  routes  has  increased 
steadily.  Six  months  after  the  new  route  opened,  total  traffic  was  28  percent 
greater  than  in  the  comparable  month  >)f  the  pi-eceding  year.  Traffic  on  Inter- 
state 94  alone  was  6  percent  greater  than  the  previous  year's  traffic  on  U.S.  12. 

In  Wyoming,  construction  was  underway  on  42  miles  of  the  66-mile  section 
of  Interstate  Route  90  between  Gillette  and  Buffalo.  This  route  section  will 
be  24  miles  shorter  than  the  existing  road,  on  which  reduced  speed  limits  are 
posted  at  frequent  intervals  because  of  steep  hills  and  sharp  curves.  On  a 
1-mile,  four-lane  divided  highway  section  completed  during  the  year,  at  a  loca- 
tion where  the  ground  rises  abruptly  a'ove  the  valley  fioor,  independent  road- 
way design  was  used  to  considerable  advantage.  By  increasing  the  median 
width  from  120  to  350  feet  and  using  a  higher  elevation  for  one  roadway,  con- 
struction costs  were  reduced  and  an  easier  upgrade  was  obtained. 

Also  in  Wyoming,  a  15-mile  section  of  Interstate  Route  25,  bypassing  Cheyenne, 
was  completed  at  a  cost  of  $1.8  million.  Truck  traflfic  formerly  routed  through 
the  city's  choicest  residential  areas  now  use  the  bypass,  which  also  provides 
access  to  Warren  Air  Force  Base  where  an  ICBM  site  is  located.  The  first 
5  miles  of  the  new  route  north  from  Cheyenne,  built  as  a  four-lane  divided  high- 
way, eliminates  the  former  narrow,  hazardous  road  entrance  to  the  city.  Fiu-ther 
north  the  route  was  built  as  a  two-lane  highway  which  ultimately  will  be  ex- 
panded to  four  lanes. 
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This  section  of  Interstate  Route  9t  In  U  isiunsin  teas  designetl  as  tivo  separate 
roadways,  for  safety,  economy,  and  pleasing  appearance  (photograph  taken 
prior  to  opening  to  traffic). 


Federal-Aid  Improvement  of  Primary  Highways 

The  Federal-aid  primary  highway  system,  as  of  December  31,  1959,  covered 
264,576  miles  of  the  principal  highways  of  the  Nation  and  inelnded  241,097 
miles  of  main  rural  roads  and  23,479  miles  in  urban  areas.  These  mileages 
include  the  Interstate  System  which  by  law  is  a  part  of  the  primary  system. 

Federal-aid  primary  fund  authorizations,  which  may  be  used  for  either  rural 
or  urban  portions  of  the  primary  system,  have  ranged  upward  in  recent  years 
from  $247.5  million  for  fiscal  year  1954  to  the  .$416.25  million  for  fiscal  year 
1961  apportioned  on  October  8,  1959. 

During  the  fiscal  year,  5,196  miles  of  improvements,  estimated  to  cost  over 
,$691  million  and  involving  nearly  $366  million  of  Federal-aid  primary  funds, 
were  programed. 

Improvements  involving  Federal-aid  primary  funds  were  completed  during 
the  year  on  5,640  miles  of  the  Federal-aid  i)rimary  system  at  a  total  cost  of 
$656,929,263  of  which  $340,217,480  was  Federal  aid.  The  projects  completed 
included  4,823  miles  of  bituminous  and  portland  cement  concrete  surfacing, 
975  bridges  over  .streams,  and  137  bridges  over  highways  to  provide  traflic  grade 
separations.  In  addition,  railway-highway  crossings  were  eliminated  by  con- 
struction of  87  grade-separation  structures  and  6  existing  structures  were  recon- 
structed; 112  grade  crossings  were  protected  by  installation  of  signal  devices. 

An  increasing  proportion  of  the  Federal-aid  primary  system  was  being  built 
as  niultilane,  divided  highways,  some  with  partial  or  full  control  of  access. 
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A  6.7 -mile  section  of  U.S.  197,  south  of  The  Dalles,  Oreg.,  was  completed  dur- 
ing the  year  with  Federal-aid  primary  funds.  The  new  route  has  13  curves  as 
compared  with  87  on  the  old  road,  and  is  4  miles  shorter.  A  million  cubic 
yards  of  excavation  were  involved  in  this  project. 


Federal-Aid  Improvement  of  Urban  Highways 

Highways  in  nrhaii  areas  eligible  for  iiiiprovenieiit  with  Federal  aid  as  of 
December  31,  111-".!),  totaled  .SH.SOJ)  miles  of  which  23,47!)  were  on  the  Federal- 
aid  primary  system  (including  the  Interstate  System)  and  11,^30  on  the  Federal- 
aid  seccmdary  highway  system. 

During  the  tiscal  year  52  percent  of  all  work  programed  on  the  Interstate 
System  was  for  improvement  in  urban  areas.  This  is  commensurate  with  both 
the  estimated  cost  of  improving  the  Interstate  System  and  of  travel  in  the 
United  States ;  in  both  cases  the  urban  proportion  being  nearly  half. 

Federal-aid  urban  fund  authorizations  have  increased  in  recent  years  from 
.$137.")  million  for  tiscal  year  1!)54  to  the  .$231.2."  million  for  tiscal  year  1!)61 
apportioned  on  October  8,  1!).")!).  During  the  year,  in  addition  to  the  funds 
approved  for  projects  from  the  Federal-aid  urban  authorizations,  H  percent 
of  all  primary  Federal-aid  highway  funds  wa.s  approved  for  urban  highway  work. 

Plans  approved  for  Federal-aid  construction  projects  in  urban  areas  during  the 
past  fiscal  year  totaled  $1,. 522,31)4,704  and  covered  1,031  miles  of  highv^ay  improve- 
ment. Of  this  total.  .$l,()10,!)()1.73r)  was  Federal  aid,  comprised  of  .$207,417,048 
from  the  urban  authorizations,  $31,747,.")2(!  from  the  primary  fund  authorizations, 
and  .$7(n,471),104  from  Interstate  funds. 

Federal-aid  construction  work  in  urban  areas  completed  during  the  ti.scal 
year  consisted  of  1,005  miles  of  highway  improvements  costing  .$1,258,685,087 
of  which  .$870,562,101  was  Federal  aid.  The  completed  work  included  0(56  miles 
of  bituminous  and  portland  cement  concrete  surfacing,  289  bridges  over  streams 
and  rivers,  702  bridges  to  provide  traffic  grade  separations  between  ci-ossing 
highways.     In  addition,  113  railway-highway  separation  structures  were  com- 
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The  Six  Corners  underpass  and  a  one-tvay  street  system  (on  the  right)  has 
eliminated  the  long  delays  to  traffic  formerly  encountered  (on  the  left)  at 
this  midtown  location  in  East  Providence,  R.I. 


pleted  and  12  existing'  ones  were  reconstructed,  and  ~>(i  railroad  grade  crossings 
were  protected  by  installation  of  signal  devices. 

Secondary  or  Farni-to-Market  Roads 

The  Federal-aid  secondary  network  of  farni-to-uiarket,  feeder,  school-bus, 
and  mail-route  roads  is  the  largest  of  the  Federal-aid  highway  systems.  Its 
length  as  of  December  31,  lO-lD,  was  .j8!>,().S1  miles,  including  11,S3()  miles  of 
extensions  into  or  through  urban  areas.  The  Federal-aid  authorizations  for 
this  system  have  increased  from  .$16;")  milli(tn  for  tiscal  year  l!).j4  to  the  $277.5 
million  for   tiscal  year   l!)(il   apportioned  on  Oi-tober  8.   lOoO. 

During  the  tiscal  year,  a  total  of  10.4S1  miles  of  improvements,  estimated 
to  cost  over  .$0."t7  million  and  involving  .$847  million  of  Federal-aid  secondary 
funds,  were  approved  on  the  secondary  system.  Improvements  were  completed 
during  the  year  on  17,2."t2  miles  of  the  secondary  system  at  a  total  cost  of 
!P607,402,293,  involving  .$331,6r)2,!).12  of  Federal-aid  secondary  funds.  Of  the 
improvements  completed,  11,1)90  miles  involved  bituminous  or  portland  cement 
surfacing,  4,051  miles  were  gravel  or  stone  surfaced,  and  1,148  miles  were 
graded  and  drained  preparatory  to  receiving  surfacing.  Also  completed  were 
2,238  bridges  over  sti-eams  and  21  bridges  over  highways ;  53  new  railway- 
highway  grade  separation  structures  and  reconstruction  of  0  others  :  and  pro- 
tection of  222  other  railway-highway  crossings  by  signal  devices. 

For  the  15  years  that  Federal  funds  for  the  secondary  program  have  been 
apportioned  to  the  States,  a  total  of  47,129  projects  involving  185,423  miles 
of  improvements  have  been  completed.  The  projects  have  been  widely  dis- 
tributed each  year  through  an  average  of  2,000  counties,  with  an  average  of 
about  3, .500  projects  being  comijleted  each  year. 

The  PVderal-aid  secondary  program  diffei's  considerably  from  the  other 
Federal-aid  highway  programs.  The  system  is  not  limited  in  length  by 
Federal  legislation,  the  only  limitations  licing  that  mileage  which  can  be  prop- 
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Federal-aid  secondary  and  "D"  funds  were  used  to  improve  6Y2  miles  of  Mis- 
sissippi Route  18  in  Clarke  County.  Grading,  drainage,  and  a  20- foot 
bituminous  pavement  were  completed  at  a  cost  of  $54,000  per  mile. 


This  4-mile  Federal-aid  secondary  project  in  South  Carolina  was  built  in  Aiken 
County  at  a  cost  of  $12,250  per  mile,  using  local  sand-clay  soil  to  advantage 
as  a  base  course  for  the  20-foot  bituminous  surface.  A  bad  curve  in  the 
old  road,  eliminated  by  the  improvement,  appears  at  the  right.  Road-user 
savings  in  the  next  15  years  were  estimated  at  $43,000. 


575760—61- 
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This  2-rnile  section  of  6-lane  freeway  in  California  tvas  completed  during  the 
year  with  Fetleral-aid  "/>"  funds,  replacing  a  congested  4-lane  road  built 
in  1943.  The  route  connects  Oakland  with  rapidly  developing  areas  to  the 
east,  and  is  already  carrying  40,000  vehicles  daily. 

erly  improved  and  maintained.  Tlie  routes  of  tlie  system  and  tlie  projects  to 
be  constructed  are  selected  cooperatively  by  the  State  highway  departments  and 
local  highway  officials.  Another  difference  is  that  under  the  1954  act  the  ad- 
ministrative procedure  between  Public  Roads  and  the  States  in  carrying  on  the 
secondary  program  has  been  simplified,  with  the  States  assuming  greater  re- 
sponsibility. The  procedure  is  a  voluntary  one,  and  at  the  end  of  the  fiscal  year 
all  States  except  Alaska,  Hawaii,  Indiana,  and  the  District  of  Columbia  had 
adopted  it. 

The  Board  of  County  Consultants,  reconstituted  in  the  last  fiscal  year,  met 
with  Public  Roads  officials  in  October  1959.  The  nine-member  Board,  formed 
to  promote  better  mutual  understanding  on  the  Federal-aid  secondary  program 
among  county  engineers,  the  State  highway  departments,  and  the  Bureau  of 
I'ublic  Roads,  has  given  effective  counsel  and  advice  in  administrative  problems 
that  affect  the  counties,  and  has  helped  to  disseminate  information  on  the 
secondary  program  to  local  road  officials. 

Special  Federal- Aid  Authorization 

The  Federal-Aid  Highway  Act  of  1958  provided  $400  million  (the  so-called  "D" 
funds)  in  addition  to  the  regular  ABC  fund  authorizations,  to  accelerate  the 
highway  program  and  stimulate  the  economy.  The  act  provided  that  the  "D" 
funds  should  be  matched  on  a  two-thirds  Federal,  one-third  State  basis.  To  aid 
the  States  in  meeting  up  to  two-thirds  of  their  matching  .share,  $115  million  (so- 
called  "L"  funds)  was  also  authorized  as  an  advance.     Any  advances  requested 
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Proposed  construction  of  a  flood-control  dam  in  Thomaston  made  it  necessary 
to  relocate  Connecticut  Route  8,  an  inadequate  two-lane  road,  to  this  rough 
side-hill  terrain.  Cost  of  the  6-mile,  two-roadway  project  was  shared  by  the 
State,  Federal-aid  primary  funds,  and  the  U.S.  Corps  of  Engineers. 


by  the  individual  States  were  to  be  deducted  in  equal  installments  from  the  ABC 
apportionments  for  the  fiscal  years  1961  and  1962,  and  this  was  done  in  making 
the  1961  apportionment  on  October  8,  1959. 

The  1958  act  required  that  the  "D"  funds  be  placed  under  contract  by  Decem- 
ber 1,  1958,  with  construction  scheduled  for  completion  by  December  1,  1959. 
Some  projects  were  not  completed  on  schedule,  because  of  delays  resulting  from 
bad  weather  and  other  xuiforeseen  circumstances.  A  few  projects  still  remained 
unfinished  at  the  end  of  the  fiscal  year  but  were  expected  to  be  brought  to  com- 
pletion soon. 

Of  the  $400  million  total,  $2;^6  million  was  obligated  for  primary  projects,  $128 
million  for  secondary  projects,  and  $.'i6  million  for  projects  in  iirbau  areas.  Some 
12,110  miles  of  improvements  were  accomplished  with  these  funds,  including 
5,842  primary,  6,087  secondary,  and  281  urban.  The  work  under  the  "D"  funds 
is  included  in  the  statistics  cited  in  the  sec*tions  of  this  report,  dealing  with  Fed- 
eral-aid improvements  of  primary,  secondary,  and  urban  highvA^ays. 

Repair  of  Roads  Damaged  by  Natural  Disasters 

The  Federal  Government  for  many  years  has  furnished  financial  aid  to  the 
States  in  the  repair  and  reconstruction  of  highways  and  bridges  on  the  Federal- 
aid  systems  damaged  or  destroyed  by  floods,  earthquakes,  and  other  catastrophes 
over  a  wide  area.  The  Federal-Aid  Highway  Act  of  19.16  provided  a  nuiximum  of 
$30  million  annually  for  these  purposes.  The  Federal-Aid  Highway  Act  of  1959 
amended  the  legislation  to  permit  the  use  of  these  funds  for  the  repair  and  re- 
construction of  Federal  domain  roads,  such  as  those  in  National  forests  and 
parks,  damaged  as  a  result  of  a  catastrophe,  without  the  necessity  for  a  declara- 
tion of  an  emergency  by  the  Governor  of  the  State  concerned  and  regardless  of 
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whether  the  road  involved  was  on  one  of  the  Federal-aid  systems.  The  availability 
of  these  emergency  funds  makes  prompt  assistance  possible  without  the  need  for 
special  legislative  action  following  each  catastrophe. 

During  the  last  ">  months  of  1959,  extraordinary  rainfall  in  New  Hampshire, 
Oklahoma,  and  Washington,  as  well  as  an  earthcpiake  in  Montana,  caused  serious 
damage  to  highways  on  the  Federal-aid  system.  Ohio  requested  allocations  of 
emergency  funds  fen-  repairs  because  of  a  flood  during  the  previous  fiscal  year. 
Allocations  of  emergency  funds  totaling  $4,034, .595  were  made  during  the  fiscal 
year  to  five  States  for  rehabilitation  work,  estimated  to  cost  $5.4  million. 
Amounts  allocated  were:  Montana,  .$<S5.000 :  New  Hampshire,  $2,733,500;  Ohio 
$316,495  ;  Oklahoma,  $269,850  :  and  Washington,  $629,750. 

During  the  year  Public  Roads  was  called  upon  by  the  Office  of  Civil  and  De- 
fense Mobilization  to  render  assistance  in  connecticm  with  damage  to  non-Feder- 
al-aid  roads  resulting  from  natural  disasters,  such  as  major  floods,  which  oc- 
curred in  Arkansas,  Hawaii,  Missouri,  Nebraska,  OklalKmia,  South  Dakota,  and 
Texas.  Total  damage  t(»  such  i-oads,  eligible  for  assistance  under  this  program, 
was  estimated  at  $3  million.  Public  Roads  personnel  provided  technical  guidance 
to  OCDM  and  the  State  and  local  governments  in  assessing  damage  and  determin- 
ing work  eligible  for  Federal  assi.stance. 

The  Highway  Trust  Fund  and  Reimbursement  Planning 

The  Federal-Aid  Highway  Act  of  1956,  as  amended,  provided  for  a  greatly 
expanded  Federal-aid  highway  program  to  be  financed  from  revenues  accruing 
to  the  special  Highway  Trust  Fund  established  by  the  Highway  Revenue  Act 
of  1956  for  the  16-year  period  from  July  1.  1956,  through  June  30.  1972.  The 
taxes,  rates,  and  net  revenues  accruing  to  the  Highway  Trust  Fund  during  the 

fiscal  year  1960  were  as  follows  : 

MiUion 

Motor  fuel ;  3  cents  per  gallon  through  Sept.  30,  1959,  4  cents  per 
gallon  from  Oct.  1.  1959 $2,  044 

Trucks,  buses,  and  trailers:  half  of  the  lO-percent  tax  on  manu- 
facturer's price - 142 

Tires;   8  cents  i>er  pound  for  highway  tires  and  5  cents  per 

pound  for  "other"  tires 281 

Innertubes  ;  9  cents  per  pound 19 

Tread  rubber;  3  cents  per  pound 15 

Heavy  vehicle  use;  $1.50  per  1,000  pounds  gross  vehicle  weight 38 

Interest  earnings — 3 

Total 2,536 

The  Federal-Aid  Highway  Act  of  1959,  which  increased  the  motor-fuel  tax 
rate  from  3  to  4  cents  per  gallon  for  the  period  October  1,  1959,  to  June  30,  1961, 
also  provided  that  for  the  period  July  1,  1961,  to  June  30,  1964,  the  Highway 
Trust  Fund  shall  receive  half  of  the  10-percent  tax  on  the  manufacturer's  price 
on  automobiles,  and  five-eighths  of  the  8-percent  tax  on  the  manufacturer's 
price  on  automotive  parts  and  accessories. 

The  negative  amount  shown  for  interest  earnings  occurred  because  interest 
earned  on  balances  in  the  Trust  Fund  were  less  than  interest  paid  on  money 
borrowed  from  the  General  Fund  of  the  Treasury  to  support  the  Trust  Fund 
during  the  year. 
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Highway  Trust  Fund  revenues,  expenditures,  and  year-end  balances  for  the 
fiscal  years  1957-60  are  shown  in  the  table  on  this  page. 

Highway  Trust  Fund  revenues,  expenditures,  and  balances, 

1957-60 


Fiscal  year 

Revenues 

Expendi- 
tures 

Balance 

1957                             

Million 
$1, 482 
2.044 
2,087 
2,536 

8,149 

Million 

$906 

1,511 

2,  612 

2,941 

Million 

$516 

1,049 

524 

119 

1958                             

1959                      

1960                    

Total 

8,030 

119 

The  l!)r)«  Act  contemplated  the  award  of  contracts  at  a  rate  the  Trust  Fund 
could  liquidate,  in  reimbursement  to  the  States  for  work  accomplished,  without 
creating  a  deficit.  Under  the  provisions  of  the  act  it  was  anticipated  that  the 
annual  Interstate  apportionments  to  the  States,  beginning  with  that  for  fiscal 
year  1960  and  continuing  for  6  or  7  years,  would  have  to  be  reduced  substantially 
below  the  amounts  authorized  :  the  amounts  deferred  to  be  apportioned  in  the 
latter  part  of  the  program. 

However,  the  1958  Act,  although  it  provided  no  additional  revenues,  directed 
that  full  apportionment  of  the  Interstate  authorizations  for  fiscal  years  19.59 
^'and  1960  be  made.  These  totaled  $1.6  billion  more  than  the  Trust  Fund  could 
liquidate.  Consequently,  the  outlook  in  the  summer  of  1959  was  that  a  $500 
million  deficit  would  develop  in  the  Tnist  Fund  by  June  30,  1960,  accumulating 
to  $1  billion  by  .Tune  30,  1961.  even  if  no  Interstate  apportionment  were  to  be 
made  for  fiscal  year  1961  and  an  apportionment  of  only  ,$500  million  were  to  be 
made  for  fiscal  year  1962.  It  would  have  been  necessary  during  fiscal  year  1960 
to  stop  the  letting  of  new  contracts  for  both  ABC  and  Interstate  construction  for 
about  9  months  in  order  to  bring  the  Trust  Fund  in  balance  with  recpiirements 
at  the  earliest  date  possible. 

This  pending  short-range  financial  crisis  was  alleviated  by  passage  of  the 
Federal-Aid  Highway  Act  of  1959,  described  elsewhere  in  this  report.  It  was 
l»ossil)le.  under  the  provisions  of  this  act.  to  apportion  the  $925  million  authorized 
for  the  ABC  program  for  fiscal  year  1961,  and  $1.8  billion  of  the  .$2  billion 
tiuthorized  for  1961  for  the  Interstate  System.  The  apportionment  was  made  on 
October  8, 1959. 

Reimbursement  planning 

The  1959  Act  provided  a  lesser  amount  of  revenue  than  the  President  had 
requested,  and  as  a  consequence,  careful  scheduling  of  obligations  became  nec- 
essary so  that  Trust  Fund  expenditures  would  not  exceed  revenues.  A  pro- 
cedure was  therefore  developed  by  I'ublic  Roads  and  announced  on  October  6, 
1959,  that  would  assure  the  States  of  prompt  payment  on  their  vouchers  from 
Trust  Fund  revenues.  Originally  referred  to  as  "contract  control,"  the  pro- 
cedure has  more  appropriately  become  known  as  "reimbursement  planning." 

The  revenues  expected  to  accrue  to  the  Highway  Trust  Fund  under  the  1959 
.\ct  were  estimated  to  be  ade(piate  to  provide  for  prompt  reimbursement  to  the 
States  for  all  contract  obligations  which  had  been  incurred  by  the  States  prior 
to  July  1,  19.59,  plus  $2.7  billion  of  new  or  additional  obligations  to  be  made  dur- 
ing the  fiscal  year  ending  June  30,  1960.  The  latter  sum  was  calculated  on  the 
basis  of  $1.8  billion  of  Interstate  funds  and  $900  million  of  ABC  funds.  Inter- 
state fund  limitation  being  distributed  among  the  States  on  the  basis  of  the 


25 


factors  used  for  apportioning  Interstate  funds,  and  ABC  fund  limitation  on  the 
factors  used  in  apportioning  the  1961  ABC  funds.  The  dis;tribution.s  were  ad- 
justed so  tliat  no  State  would  lose  either  Interstate  or  ABC  funds  by  reason  of 
the  lapsing  provision  of  Federal-aid  highway  legislation.  By  these  means 
ihe  amounts  available  for  obligation  were  distributed  among  the  States  on  an 
equitable  basis.  While  separate  computations  were  made  for  Interstate  and 
ABC  funds  in  determining  the  State  shares,  each  State  could  use  any  pro- 
portion of  its  total  amount  for  either  category  of  projects,  within  the  limits  of 
apportioned  funds. 

The  total  of  the  reimbursement  obligation  schedule  for  the  fiscal  year  was 
distributed  by  periods  in  accordance  with  the  following  schedule  for  the  country 
as  a  whole,  with  the  provision  that  the  amounts  not  utilized  during  any  period 
would  remain  available  for  later  utilizati<m  on  an  accumulated  basis:  July 
1-December  31,  33  percent ;  January  1-March  31,  34  percent ;  April  1-June  30, 
33  percent.  This  scheduling  of  a  lesser  amount  in  the  first  half  of  the  fiscal 
year  was  necessary  to  assure  repayment  to  the  Treasury  before  the  end  of  the 
year  of  the  .$;>.")!)  million  advance  to  the  Trust  Fund  provided  in  the  TOGO  Mutual 
Security  Appropriations  Act. 

The  objective  of  the  reimbursement  planning  procedure  was  to  reduce  expend- 
iture requirements  for  1960  and  subsequent  fiscal  years  to  amounts  that  could 
be  financed  from  the  Highway  Trust  Fund.  The  intended  effect  is  indicated 
by  comparison  of  the  $2.7  billion  that  could  be  newly  obligated  during  the  fiscal 
year  1960  with  the  total  obligations  of  $3,163  billion  during  fiscal  year  1959, 
$2,727  billion  during  1958,  and  $2,212  billion  during  19r)7.  Reimbursable  obliga- 
tions actually  incurred  during  the  fiscal  year  1960  amounted  to  $2,523  billion. 
Reimbursable  obligation  authority  totaling  $177  million  was  carried  over  on 
June  30,  1960. 

The  $2.7  billion  schedule  establi.shed  the  maximum  amounts  that  individual 
States  could  obligate  during  the  fiscal  year  1960  and  still  be  assured  of  prompt 
reimbursement.  Under  the  plan,  however,  any  State  could  obligate  its  appor- 
tioned funds  at  a  faster  rate,  with  the  understanding  that  when  the  State 
wished  to  claim  reimbursement  on  such  projects,  the  total  obligation  would  be 
charged  against  the  reimbursable  obligation  schedule  and  payments  would  be 
distributed  over  a  3-year  period.  Obligations  totaling  about  $71  million  were 
incurred  during  fiscal  1960  under  this  procedure. 

With  reimbursement  planning,  the  Federal-aid  highway  program  was  being 
advanced  at  the  level  that  could  be  supported  from  revenues  accruing  to  the 
Highway  Trust  Fund  under  existing  legislation.  In  January  1961  the  Congress 
is  to  receive  two  reports  relating  to  the  program  :  One  presenting  the  new  de- 
tailed estimate  of  cost  of  completing  the  Interstate  System ;  the  other  presenting 
the  conclusions  derived  from  the  4-year  highway  cost  allocation  study. 

Thus  in  1961,  the  Congress,  with  the  benefit  of  these  two  ba.sic  reports,  will 
have  the  opportunity  to  consider  the  equitable  distribution  of  Federal  taxes  for 
highway  purposes,  and  to  provide  for  appropriate  financing  and  scheduling  of 
apportitmments  re<|nired  to  complete  the  Interstate  System  and  continue  the 
ABC   program. 

Reports  to  Congress 

The  Federal-Aid  Highway  Acts  of  19.56  and  1959  called  upon  the  Secretary 
of  Commerce  to  undertake  a  number  of  studies,  in  cooperation  with  the  State 
highway  departments,  and  report  their  findings  to  the  Congress.  Each  of  these 
reports  was  designed  to  provide  extensive  basic  information  and  serve  to  guide 
the  Congress  in  its  consideration  of  the  Federal  role  in  highway  improvement, 
u.se,  and  financing.     Accomplishment  of  the  studies  was  delegated  by  the  Secre- 
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tary  of  Commerce  to  the  Federal  Highway  Administrator.  One  study  was  com- 
pleted during  the  year  and  three  others  were  underway,  as  described  in  the 
following  paragraphs.  Much  of  the  research  described  in  the  latter  pages  of 
this  report  was  directly  or  indirectly  related  to  these  studies. 

Extension  of  Interstate  System  to  Alaska  and  Hawaii 

Pursuant  to  the  direction  of  Congress  in  section  105  of  the  Federal-Aid  High- 
way Act  of  1959,  a  report  on  the  possible  need  for  extension  of  the  Interstate 
System  to  Alaska  and  Hawaii  was  made  by  the  Bureau  of  Public  Roads  and 
transmitted  on  January  13,  1960,  to  the  Congress  by  the  Secretary  of  Commerce. 

The  report  recommended  that  approximately  50  miles  of  routes  in  Hawaii, 
meeting  the  same  criteria  as  those  met  by  presently  designated  routes  in  the 
other  States,  should  be  added  to  the  Interstate  System  within  the  present  41,000- 
mile  Iimitati(m.  The  report  stated  that  neither  present  conditions  nor  antici- 
pated further  developments  for  the  next  15  or  20  years  warranted  the  designa- 
tion of  any  Interstate  System  mileage  in  Alaska. 

Interstate  System  cost  estimate 

Section  104(b) 5,  Title  23,  United  States  Code,  requires  that  the  Bureau  of 
Public  Roads,  in  cooi)eration  with  the  State  highway  departments,  make  periodic 
detailed  estimates  of  the  cost  of  completing  the  Interstate  System.  Such  esti- 
mates, when  approved  by  the  Congress,  are  used  in  apportioning  Federal-aid 
funds  for  the  Interstate  System  among  the  States,  each  State  receiving  a  share 
of  the  total  annual  apportionment  equivalent  to  its  prop(n-tion  of  the  total  cost 
estimate. 

The  first  such  estimate  was  reported  to  the  Congress  in  January  1958,  and 
was  used  as  a  basis  for  apportioning  the  Interstate  funds  authorized  for  the  ti.scal 
years  19(50-62.  The  first  revised  estimate  of  cost,  undertaken  during  the  fiscal 
year,  will  be  the  basis  for  establishing  factors  for  the  apportionment  of  Inter- 
state funds  authorized  for  the  fiscal  years  19(53-66.  The  current  estimate  study 
is  scheduled  for  submission  as  a  report  to  the  Congress  by  January  12,  1961. 

Uniformity  in  the  preparation  of  the  estimate  was  required  by  implication  in 
the  legislation  and  was  desired  by  all  States  in  order  that  equitable  distribu- 
tion of  funds  would  result.  A  manual  of  instruction  for  the  preparation  of 
the  estimate  was  developed  by  the  Bureau  of  Public  Roads,  reviewed  with  rep- 
re.sentatives  of  the  American  Association  of  State  Highway  Officials,  and  field 
tested,  and  was  then  distributed  to  the  States  in  February  19(i0,  with  the  request 
that  the  individual  State  estimates  be  completed  and  submitted  to  the  Bureau 
of  Public  Roads  by  August  1,  1960.  The  manual  set  forth  design  guides,  the 
base  period  for  unit  prices  to  be  applied,  and  recommended  criteria  for  estab- 
lishment of  the  numbers  of  lanes,  sp;icing  f)f  interchanges,  and  other  important 
elements  affecting  the  design  and  cost  of  the  system. 

A  guide  for  traffic  forecasting  was  also  developed  by  Public  Roads  and 
included  in  the  estimate  manual.  Xeces.sary  to  such  forecasting  was  a  study 
of  present  travel  volumes  and  hiibits,  and  consideration  of  probable  future  popu- 
lation growth  and  movement,  economic  development,  and  changes  in  patterns 
of  motor-vehicle  ownership  and  use.  Statewide  forecasts  and,  subsequently, 
forecasts  for  each  route  section,  had  to  be  made  by  the  States  as  a  basis  for 
determining  needed  capacity  in  terms  of  the  number  of  traffic  lanes  and  the 
design  of  interchanges  reipiired  throughout  the  system. 

The  importance  of  a  uniform  and  accurate  estimate  was  fully  recognized  by 
Public  Roads,  and  personnel  in  the  field  offices  were  assigned  full-time  to  assist 
the  States  in  all  phases  of  the  work.  The  States  have  cooperated  fully,  and  at 
the  close  of  the  fiscal  year  were  concentrating  on  preparation  of  the  cost  estimates 
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despite  the  pressure  of  the  construction  season,  when  the  worldoad  in  all  State 
highway  departments  is  at  a  peak. 

A  feature  of  this  second  estimate  of  the  cost  of  completing  the  Interstate 
System  is  that  the  States  will  submit  all  data  to  Public  Roads  on  punch  cards 
for  automatic  data  processing,  making  possible  the  rapid  assembly  and  sum- 
marization of  the  basic  data  and  quick  comparisons  between  the  first  and  the 
second  estimates.  The  analysis  and  the  summarization  of  the  voluminous  ma- 
terial received,  and  the  prei)aration  of  a  reiwrt  to  the  Congress,  will  be  under- 
taken during  the  first  half  of  the  next  fiscal  year. 

Highway  cost  allocation  study 

The  highway  cost  allocation  study,  required  to  be  made  by  section  210  of 
the  Highway  Revenue  Act  of  1956,  reached  its  final  stages  in  the  fiscal  year  1960. 
There  remained  primarily  the  i)reparati()n  of  the  final  report,  due  to  be  pre- 
sented to  the  Congress  not  later  than  January  3,  19()1.  This  report  will  i)rovide 
Congress  with  information  on  the  basis  of  which  it  may  determine  an  equitable 
.allocation  of  taxes  for  support  of  the  Federal-aid  highway  program  among 
motor-vehicle  users  and  other  beneficiaries  from  improved  Federal-aid  highways. 

A  Fourth  Progress  Report  of  the  HUfhu-ay  Cost  Allocation  Studi/  (H.  Doc. 
355,  86th  Cong.,  2d  sess.)  was  presented  to  the  Congress  on  March  7,  1960.  This 
report  contained  a  review  of  the  work  accomplished  in  the  three  years  during 
which  the  study  has  been  in  progress,  and  a  discussion  of  the  work  remaining 
to  be  done  in  order  to  produce  a  final  report. 

An  important  part  of  the  highway  cost  allocation  study  is  the  determination  of 
the  extent  of  Federal-aid  highway  cost  resiwnsibility  that  can  be  a.scribed  to  other 
than  motor-vehicle  users.  In  the  pursuance  of  this  phase  of  the  work  a  series  of 
studies,  known  as  economic  impact  studies,  were  nuide  for  Public  Roads  by  var- 
ious universities  and  research  groiips.  Their  purpose  was  to  explore  and  evaluate 
to  the  extent  feasible  the  economic  conseipiences  of  highway  improvements  as 
they  affect  land  values,  land  uses,  and  other  indicators  of  economic  change  and 
growth.  The  majority  of  the  studies  were  limited  to  analy.ses  of  the  economic 
effects  observed  in  the  study  of  individual  highway  projects.  A  few  studies  ex- 
amined groups  of  projects  in  the  effort  to  draw  generalizations  from  the  analysis 
of  combined  results  :  and  a  few  were  conceptual  in  character,  being  concerned 
with  the  application  (»f  economic  theory  to  the  problem  of  the  incidence  of  high- 
way benefits. 

It  was  felt,  however,  that  sole  reliance  should  not  be  placed  on  the  economic 
impact  studies  for  the  determination  of  extent  of  nonuser  responsibility  for  sup- 
port of  the  Federal-aid  highway  program.  Although  illuminating  as  to  the  na- 
ture of  highway  benefits  and  the  way  in  which  highway  improvements  affect 
different  sectors  of  the  economy,  the.v  do  not  yield  generalizations  from  which 
numerical  values  of  the  nonuser  component  of  highway  cost  responsibilit.v  can  be 
evaluated.  For  this  reason  it  was  decided  to  make  use  of  methods  of  highway 
cost  allocation  that  have  been  successfully  used  in  studies  of  the  subject.  Two 
studies  of  this  character  were  undertaken,  the  relative-use  study  and  the  earn- 
ings-credit study. 

The  relative-use  study  is  based  on  the  concept  that  highway  cost  responsibility 
should  be  allocated  between  user  and  noniiser  tax  sources  in  accordance  with  the 
extent  to  which  different  highway  systems  provide  through-traffic  service  as  op- 
posed to  access  and  neighborhood  service. 

The  earnings-credit  study  is  based  upon  a  mediation  between  two  concepts  :  (1) 
That  all  highway  systems  should  re<-eive  user  tax  support  at  a  rate,  per  vehicle- 
mile  of  travel  on  them,  adequate  to  support  the  arterial  and  primary  road  and 
street  systems;  and  (2)  that  all  road  and  street  systems  should  receive  nonuser 
taxes  at  a  rate,  per  mile  of  road,  adecpiate  to  support  the  tertiary  system  of  ac- 
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cess  roads  and  streets.    At  the  close  of  the  fiscal  year  these  two  studies  were  well 
ou  toward  completion. 

The  second  major  task  of  the  highway  cost  allocation  study  was  that  of  allo- 
cating niotor-vehicle-user  cost  responsibility  among  vehicles  of  different  dimen- 
sions and  weights.  In  order  to  throw  as  much  light  as  possible  upon  this  difficult 
problem,  four  alternative  methods  of  analysis  were  being  used  :  the  incremental 
method ;  the  cost-function  method  ;  the  differential  benefit  method  ;  and  the  ton- 
mile  method. 

The  incremental  method  is  based  on  the  concept  that  there  are  certain  basic 
highway  costs  which  should  be  shared  by  all  vehicles  on  a  uniform  basis;  and 
that  additional  increments  of  cost,  occasioned  by  the  presence  in  the  traffic 
stream  of  vehicles  of  different  sizes  and  weights,  should  be  shared  by  the  succes- 
sively smaller  groups  of  vehicles  in  their  increasing  order  of  size  and  weight.  To 
have  the  benefit  of  the  most  up-to-date  and  accurate  information  on  incremental 
designs  and  costs,  it  is  necessary  that  the  study  make  use  of  data  from  the  AASHO 
Road  Test  (described  elsewhere  in  this  report).  An  important  task  of  the  next 
fiscal  year  will  be  that  of  analyzing  the  Road  Test  results  and  adapting  them  to 
the  requirements  of  the  incremental  study. 

The  cost-function  study  sorts  highway  costs  into  three  categories:  (1)  those 
thought  to  be  affected  neither  by  traffic  volume  nor  by  size  and  weight  of  vehicle 
and  therefore  assignable  on  a  per-vehicle  basis;  (2)  those  varying  with  traffic 
volume  but  not  with  size  and  weight  of  vehicle  and  therefore  assignable  on  a  ve- 
hicle-mile basis  ;  and  (3)  those  varying  with  size  and  weight  of  vehicle  and  there- 
fore assignable  on  a  basis  associated  with  vehicle  dimensions  and  weight. 

The  differential  benefit  study  purports  to  allocate  cost  responsibility  among 
vehicles  of  different  dimensions  and  weights  in  proportion  to  the  benefits 
received  from  the  highway  improvement  program.  Four  classes  of  user  bene- 
fits are  recognized:  savings  in  operating  cost;  savings  in  time  cost;  savings 
in  accident  costs ;  and  reduction  in  the  strain  and  annoyance  of  driving  under 
congested  conditions.  It  is  the  aim  of  the  differential  benefit  study  to  estimate 
the  relative  magnitudes  of  these  several  classes  of  benefits,  as  they  accrue  to  the 
users  of  vehicles  of  different  dimensions  and  weights  as  the  result  of  improve- 
ments to  the  Federal-aid  highway  systems. 

The  gross  ton-mile  method  is  based  on  the  concept  that  motor-vehicle  respon- 
sibility for  the  support  of  the  highways  should  be  allocated  in  proportion  to  the 
product  of  operating  weight  and  miles  traveled. 

The  results  of  these  four  different  studies  will  be  analyzed  and  compared ; 
and  the  findings  of  the  study  on  the  subject  of  motor-vehicle  cost-responsibility 
allocation  will  be  based  upon  a  metliation  among  these  results. 

The  calendar  year  1964,  which  is  in  effect  the  middle  year  of  the  program 
period  for  the  completion  of  the  Interstate  System,  has  been  taken  as  the  "year 
of  study,"  and  forecasts  of  travel  on  each  of  the  Federal-aid  highway  systems 
in  that  year  by  vehicles  of  different  types  and  weights  have  been  prepared. 
Forecasts  of  future  travel  on  all  systems  were  supplied  by  the  State  highway 
departments,  together  with  estimates  of  needs  of  the  systems  and  correspond- 
ing costs.  Studies  of  the  classification  of  registered  vehicles  in  19.56,  and  of 
the  volume  and  vehicle  type  and  weight  composition  of  travel  in  1957  on  all 
Federal-aid  systems,  made  possible  an  elaborate  subdivision  of  the  1964  fore- 
casts by  vehicle  type  and  weight  groups. 

The  1964  vehicle  and  travel  data  form  the  basic  matrix  of  the  elaborate 
computer  program  which  is  scheduled  to  give  the  results  of  the  four  cost  alloca- 
tion studies  relating  to  the  cost  responsibilities  of  motor  vehicles  for  the 
Federal-aid  program.  Analyzed  results  of  this  program  will,  it  is  hoped,  supply 
the  Congress  with  information  leading  to  an  equitable  solution  of  the  problem 
of  taxation  for  support  of  the  Federal-aid  highway  program. 
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Maxiniuni  desirable  vehicle  sizes  and  weights 

Section  108  (k)  of  the  Federal- Aid  Highway  Act  of  1956  directed  the  Secretary 
of  Commerce  to  make  recommendations  to  the  Congress  with  respect  to  max- 
imum desirable  dimensions  and  weights  for  vehicles  operated  on  the  Federal- 
aid  highway  systems.  The  report  is  due  in  January  1961.  Public  Roads  sought 
and  received  the  cooperation  of  the  American  Association  of  State  Highway  Of- 
ficials in  developing  such  recommendations,  to  insure  coordination  of  the  recom- 
mended limits  with  revised  policy  standards  of  the  Association. 

All  possible  action  has  been  taken  to  expedite  the  conduct  of  tests  undertaken 
by  the  Highway  Research  Board,  in  which  Public  Roads  is  participating,  and 
the  findings  of  those  and  other  research  studies  will  be  used  in  determination 
of  the  desirable  maximum  limits  and  in  their  economic  justification. 

Finally,  the  recommendations  to  be  made  will  be  reconciled  with  the  study 
and  investigation  concerning  highway  cost  allocation,  undertaken  pursuant  to 
section  210  of  the  Highway  Revenue  Act  of  1956. 

Highway  Improvements  Under  Direct  Supervision  of  Public  Roads 

The  Bureau  of  Public  Roads,  imder  existing  legislation,  receives  and  ad- 
ministers directly  annual  appropriations  for  major  highways  through  national 
forests,  and  performs  highway  engineering  and  construction  services  for  other 
Federal  agencies  as  required  by  law  and  as  may  be  requested  for  specific  pro- 
jects. The  principal  agencies  receiving  direct  appropriations  for  the  construc- 
tion and  maintenance  of  roads,  and  requesting  as.sistance  from  Public  Roads, 
include  the  Departments  of  Agriculture.  Defense,  and  Interior.  Public  Roads 
(until  near  the  close  of  fiscal  year  1960)  has  also  directly  supervised  all  Fed- 
eral-aid highway  construction  work  in  Alaska  since  1956,  when  Federal-aid 
funds  first  became  available  to  that  area. 

Under  this  general  program,  the  Bureau  of  Public  Roads  makes  surveys, 
prepares  plans  and  specifications,  advertises  for  contract  bids,  and  supervises 
construction  of  roads  and  bridges  in  a  wide  range  of  standards  appropriate  to 
serve  the  estimated  traffic  needs. 

During  the  past  year,  improvements  under  the  direct  supervision  of  Public 
Roads  were  completed  on  183  projects  coA'ering  942  miles  and  involving  Federal 
funds  totaling  nearly  $62  million.  The  following  tabulation  indicates  the  mag- 
nitude of  highway  work  in  which  Public  Roads'  engineering  and  construction 
services  were  actively  engaged  at  the  close  of  the  year  (the  figures  include  esti- 
mated cost  of  work  in  the  program,  plans  approved,  advertised,  and/or  con- 
struction stage)  : 

Forest  highways^ $  69,548,839 

Alaska  Federal-aid  projects 12,262,721 

Parkways 30,  688,  483 

Park    roads 13,  999,  065 

Woodrow  Wilson  Memorial  Bridge^ 7,914,654 

Bureau  of  Land  Management  roads 10,566,300 

Forest  Development  roads 4,321,760 

Department  of  Defense,  access  roads 1, 143,  019 

Federal  Lands  highways 2,428,089 

National  Science  Foundation,  Kitt  Peak  observatory 

road 2,455,944 

Total $155,  328,  874 

1  Excludes  forest  highway  construction  under  State  supervision. 

2  Across  the  Potomac  River  below  Washington,  D.C. 
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Alamogordo-Cloudcroft   Highway   in  ]\ew  Mexico  Forest  Highway  Route  35. 

A  brief  coverage  of  the  more  significant  activities  under  the  direct  supervision 
of  Public  Roads  is  presented  in  the  following  paragraphs. 

Forest  highways 

The  forest  highway  system  is  composed  of  main  and  secondary  roads  within 
or  adjacent  to  the  national  forests  which  comprise  approximately  one-tenth  the 
area  of  the  United  States.  The  system,  located  in  40  States  and  in  Puerto  Rico, 
and  totaling  24,()23  miles  in  length  at  the  close  of  the  fiscal  year,  consists  of  in- 
dividual routes  of  primary  importance  to  the  States,  counties,  and  communities 
within  or  adjacent  to  these  forest  areas.  Although  not  a  wholly  connected  sys- 
rem,  it  represents  the  principal  means  of  land  transportation  into  and  through 
the  national  forest  lands.  Approximately  88  percent  of  the  forest  highway  sys- 
tem is  coincident  with  the  Federal-aid  primary  and  secondary  systems.  Table 
20  of  the  appendix  shows,  by  forest  road  class,  the  system  mileage  in  each  State 
and  in  Puerto  Rico.  More  than  half  the  total  system  mileage  is  located  in  13 
Western  States. 

Approximately  84  pei'cent  of  all  work  completed  on  the  forest  highway  system 
(luring  the  past  fiscal  year  was  under  the  direct  supervision  of  the  Bureau  of 
Public  Roads.  These  improvements  covered  339  miles  and  involved  Federal 
fimds  totaling  almost  $20  million.  At  the  close  of  the  year,  464  miles  (similarly 
supervised)  were  under  construction,  involving  Federal  funds  estimated  at  $35 
million. 

The  following  described  activities  on  some  forest  highway  routes  indicate 
ty])ical  improvements  underway  or  completed  during  the  past  year. 

The  Cedaredge-Mesa  route  in  Colorado,  25  miles  in  length,  crosses  the  Grand 
Mesa  in  Grand  Mesa  National  Foi*est.  The  old  road  was  a  narrow  trail, 
widened  by  county  maintenance.  Construction  to  modern  standards  began  in 
1046,  and  during  fiscal  year  1960  work  was  completed  on  6  miles,  bringing  the  total 
length  improved  to  16  miles.  Construction  has  been  heavy  due  to  the  rugged 
terrain,  and  lakes  on  the  mesa  have  caused  several  large  slides.  During  the 
year,  construction  was  started  on  a  bituminous  stabilized  base  covering  the 
entire  16  miles  improved  to  date. 

About  one-half  of  the  107-mile  forest  highway  route  in  Idaho,  coincident  with 
State  Highway  21  from  the  south  boundary  of  the  Boise  National  Forest  to  Stan- 
ley, has  been  surfaced  with  a  bituminous  pavement.  The  balance  of  the  route  is 
either  unconstructed  or  graded   to  a  very  narrow  width,  requiring  reconstruc- 
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tion  to  a  higher  standard.  All  (tf  the  uiicoiistrueted  mileage  is  located  in  the 
rugged  terrain  of  the  scenic  Sawtooth  Mountains.  Improvement  of  this  route 
will  benefit  recreation  as  well  as  serving  the  mining  and  forest  industries,  and 
will  provide  an  important  link  in  the  State  highway  network,  connecting  Idaho's 
capital  city  with  the  Stanley  Basin.  The  distance  from  Boise  to  Missoula, 
Mont.,  will  be  106  miles  shorter  than  the  present  travel  route.  During  the  1959 
construction  season  an  18-mile  paving  contract  was  completed.  The  first  step 
in  improving  the  luiconstructed  section  will  be  undertaken  shortly  with  the 
letting  of  a  5-mile  grading  contract  estimated  to  cost  $550,000. 

The  Holman-Taos  route  in  New  Mexico,  32  miles  in  length,  is  located  in 
Carson  National  Forest.  Woi'k  on  this  route  was  performed  by  Public  Roads 
during  the  period  1929-34.  but  the  recent  reconstruction  of  the  northerly  S 
miles  was  the  first  portion  completed  to  modern  standards.  Another  project  (» 
miles  in  length  is  under  constructicm,  and  an  additional  (i  miles  is  programed  for 
fiscal  year  1901.  Bituminous  surfacing  of  the  northerly  S  miles  is  also  pro- 
gramed for  next  year.  Improvement  of  this  highway  will  provide  an  all-weather 
route  of  substantial  benefit  to  the  livestock,  farming,  and  lumbering  interests 
of  the  area. 

The  construction  and  maintenance  of  forest  highways  in  Alaska  continued 
during  the  fiscal  year  under  the  direct  supervision  of  Public  Roads:  however, 
maintenance  of  all  forest  highway  routes  was  financed  with  Federal-aid  funds 
In  accordance  with  the  provisions  of  the  Federal-Aid  Highway  Act  of  1950. 
Prior  to  June  30,  1900,  a  cooperative  agreement  was  concluded  among  Public 
Roads,  the  Forest  Service,  and  the  State  of  Alaska,  providing  that  responsibility 
for  maintenance  of  all  forest  highway  routes,  including  the  full  cost  thereof, 
would  be  assumed  by  the  State  on  July  1, 1960. 

Public  Roads  Federal-aid  activities  in  Alaska 

The  Bureau  of  Public  Roads,  in  addition  to  discharging  its  usual  administra- 
tive responsibilities,  continued  to  perform  the  general  functions  of  a  State 
highway  department  in  Alaska,  directly  supervising  the  survey,  design,  and 
contract  construction  performed  under  the  Federal-aid  program.  This  direct 
supervision,  first  authorized  by  the  1956  Federal-Aid  Highway  Act,  was  further 
implemented  by  a  contract  between  the  State  of  Alaska  and  the  Bureau  of 
Public  Roads,  effective  July  1,  1959,  which  provided  for  the  Bureau  to  act  as 
the  State's  contractor  in  performing  highway  construction  and  maintenance 
activities  on  the  Federal-aid  system  routes. 

The  Alaska  Omnibus  Act,  signed  into  law  June  25,  1959,  conferred  full  state- 
hood status  on  Alaska  at  the  beginning  of  the  fiscal  year,  together  with  full 
responsibility  for  the  Federal-aid  progi-am  on  a  basis  comparable  to  that  of 
other  States.  The  Omnibus  Act  further  provided  that  the  fiscal  year  1960 
Federal-aid  allocation,  together  with  remaining  balances  of  unobligated  funds, 
apportioned  for  prior  fiscal  years,  could  be  utilized  for  highway  maintenance. 

Public  Roads  activities  during  the  latter  half  of  the  fiscal  year  were  concen- 
trated on  assisting  the  State  in  organizing  a  complete  highway  department  fol- 
lowing a  December  1959  decision  by  the  State  Department  of  Public  Works  to 
assume  active  resi)onsibility  for  all  construction  and  maintenance  functions 
July  1,  1960.  In  addition  to  this  assistance,  all  Bureau  property  and  equipment 
not  required  in  its  normal  function  of  administering  the  Federal-aid  program 
and  in  the  direct  supervision  of  national  forest  and  park  pro.1ects  was  trans- 
ferred to  the  State  prior  to  the  end  of  the  fiscal  year. 

The  Federal-aid  highway  system  in  Alaska  (as  of  June  30,  1960)  was  5,425 
miles  in  total  length,  including  2,200  miles  on  the  primary  system  and  3,225 
miles  on  the  secondary  system.    During  the  year,  new  construction  or  improve- 
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inents  were  conipletert  on  152  miles  of  the  Federal-aid  system  at  a  cost  of  approx- 
imately ,'i^l2.3  million.  At  the  close  of  the  year,  construction  work  (under  direct 
supervision  of  Public  Roads)  was  underway  on  181  miles  at  an  estimated  cost 
of  .');37.4  million. 

Due  to  the  provision  of  the  Alaska  Omnibus  Act  which  i^ermitted  use  of  fiscal 
year  1960  funds  for  maintenance,  the  1960  fiscal  year  Federal-aid  construction 
]»rograni  was  held  in  abeyance  until  the  fiscal  year  1961  funds  were  apportioned. 
As  a  consequence,  no  new  projects  of  any  magnitude  were  initiated  during 
the  year. 

By  agreement  with  the  State,  Public  Roads  continued  to  administer  to  com- 
jvletion  all  Federal-aid  contracts  awarded  by  the  Bureau,  most  of  which  will  be 
completed  during  the  1960  construction  season.  Public  Roads  also  administered 
the  work  under  seven  contracts  totaling  $2.1  million  which  were  let  to  consulting 
engineering  firms  for  surveys,  investigations  of  materials,  and  highway  designs. 

National  park  highways,  park  approach  roads,  and  parkways 

Funds  for  the  construction  and  improvement  of  highways  within  or  approach- 
ing national  parks  and  monuments,  and  for  parkways  specifically  designated  by 
legislation,  are  appropriated  to  the  Department  of  the  Interior,  and  are  admin- 
istered under  regulations  jointly  approved  by  the  Secretary  of  the  Interior  and 
the  Secretary  of  Commerce.  The  Bureau  of  Public  Roads  collaborates  with  the 
National  Park  Service  of  the  Department  of  the  Interior  in  establishing  systems 
and  developing  annual  programs.  Public  Roads  engineers  make  surveys,  pre- 
pare plans,  and  supervise  construction  of  major  projects  on  these  road  systems. 

During  the  fiscal  year,  improvements  were  completed  on  224  miles  of  park 
roads  and  parkways,  involving  Federal  funds  totaling  $22  million.  At  the 
end  of  the  year,  338  miles  of  improvements  were  under  construction  involving 
Federal  funds  totaling  over  $35  million.  Table  21  of  the  appendix  indicates 
the  general  locations  of  this  construction  activity  during  the  past  fiscal  year. 
Some  typical  improvements  are  briefly  described  in  the  following  paragraphs. 

BIkc  Ridge  Parkivuy. — During  the  past  year,  approximately  60  miles  of  con- 
struction were  completed  on  this  parkway  in  Virginia  and  North  Carolina  at  a 
cost  of  $6.4  million.  Seven  new  contracts  estimated  to  cost  $2.5  million  were 
let  for  construction  on  41  miles.  At  the  close  of  the  year,  77  miles  were  under 
construction  involving  Federal  funds  totaling  $8.2  million.  Of  the  projects 
completed,  perhaps  the  James  River  Bridge,  55  miles  northeasterly  from 
Roanoke,  was  the  most  significant.  This  bridge,  1,040  feet  in  length,  spans  the 
James  River,  a  railroad,  and  U.S.  501.  The  opening  of  this  bridge  made  111  con- 
secutive miles  of  the  parkway,  from  the  Shenandoah  National  Park  to  U.S.  460 
near  Roanoke,  available  to  the  traveling  public. 

A  total  of  210  miles  of  the  parkway  was  practically  completed  in  Virginia, 
with  only  14  miles  in  the  vicinity  of  Roanoke  remaining  to  be  placed  under  con- 
tract. In  North  Carolina,  completion  of  a  grade-separation  structure  over  U.S. 
421  at  Deep  Gap,  and  completion  of  ])ituminous  surfacing  from  this  point  to 
Mountain  View,  provided  156  consecutive  miles  of  parkway  open  to  traffic  from 
Adney  (iap,  Va.,  to  Blowing  Rock,  N.C.  Approximately  375  miles  of  the  park- 
way have  been  completed  and  opened  to  traffic,  and  it  is  anticipated  that  by  1966 
the  entire  477-mile  length  from  the  Shenandoah  National  Park  to  the  Great 
Smoky  Mountains  National  Park  will  have  been  completed. 

George  Washington  Memorial  Parkicay. — This  scenic  parkway  lies  along 
both  sides  of  the  Potomac  River  in  the  vicinity  of  Washington,  D.C.  During 
the  fiscal  year,  two  grade  separation  structures  and  5  miles  of  four-lane  divided 
I»arkway  surfacing  were  completed  on  the  Virginia  side  of  the  river  at  a  cost 
of  $2.1  million.     These  completions  permitted  opening  the  parkway  extension 
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to  the  Central  Intelligence  Agency  oliice  l>nil(liug,  now  under  construction.  Con- 
tracts totaling  $1.2  million  were  let  during  the  year  for  the  construction  of  two 
bridges  and  1.8  miles  of  grading  and  base  course  which  will  extend  the  parkway 
from  near  the  CIA  building  to  a  connection  with  the  Washington  Circumferen- 
tial Highway.  The  widening  of  a  short  section  of  the  parkway  north  of  Wash- 
ington National  Airport  to  six  lanes  was  substantially  complete  at  the  close  of 
the  year.  On  the  Maryland  side  of  the  Potomac,  4  miles  of  grading  were  com- 
pleted at  a  cost  of  .$1.1  million,  and  4  more  miles  were  being  graded  at  a  cost 
of  $2.3  million. 

Natchez  Trace  Park  tray. — Considerable  progress  has  been  made  on  this 
parkway,  located  in  Mississippi,  Alabama,  and  Tennessee.  During  the  fiscal 
year,  13  projects  were  completed  on  74  miles  at  a  cost  of  approximately  $4.4 
million.  Fifteen  new  projects,  estimated  to  cost  $6  million,  were  let  to  contract. 
Two  of  these  provide  for  the  substructure  and  tlie  structural  steel  super- 
structure for  a  new  bridge  over  the  Teiuiessee  River  in  Alabama.  At  the  close 
of  the  year,  95  miles  were  under  construction  involving  $8.9  million  of  Federal 
funds. 

Yosemite  National  Parte. — During  the  fiscal  year,  grading  was  completed  on 
a  20-mile  section  of  Tioga  Road  located  in  this  California  park,  replacing  an  un- 
improved hazardous  section  of  one-way  road.  Surfacing  will  be  accomplished 
in  the  1960  construction  season.  The  total  cost  of  constructing  this  section  to 
modern  standards  will  be  about  $4.5  million.  This  work  will  complete  the  im- 
provement of  this  route,  other  sections  of  which  were  constructed  during 
1932-39. 

Woodrow  Wilson  Memorial  Bridge 

Construction  on  the  $15-million  Woodrow  AVilson  ^Memorial  Bridge  across 
the  Potomac  River  just  south  of  Washington,  D.C.,  progressed  steadily  during 
the  year.  This  5,900-f()ot  bridge,  when  completed,  will  serve  as  a  vital  link  in 
the  Washington  Circumferential  Highway.  The  appi'oach  substructures  and 
the  piers  and  fenders  for  the  channel  spans  were  completed  at  a  cost  of  $5  mil- 
lion. Contracts  totaling  $1.7  million  were  let  for  construction  of  the  upper  por- 
tions of  the  bascule  piers,  the  concrete  deck,  and  the  bridge  railing.  Work  on 
erection  of  the  steel  superstructure  on  the  approach  and  channel  spans  pro- 
gressed during  the  year.  Completion  of  the  work  now  under  contract  will  be 
followed  by  contracts  for  paving,  lighting,  and  painting.  The  structure  is 
scheduled  for  opening  to  traffic  by  early  fall  of  1961. 

Bureau  of  Land  Management  roads 

Public  Roads  continued  to  cooperate  with  the  Bureau  of  Land  Management  of 
the  Department  of  the  Interior  in  its  program  of  road  construction  in  Oregon  by 
making  surveys,  preparing  plans,  and  supervising  the  construction  of  roads  pro- 
viding access  to  areas  for  logging  operations.  During  the  year,  construction  was 
completed  on  57  miles  at  a  cost  of  over  $2  million.  At  the  close  of  the  year,  150 
miles  were  under  construction  with  contracts  totaling  $5.2  million.  Typical  of 
this  construction  was  the  10-mile  section  of  grading  and  surfacing  of  the  Suislaw 
River  Road  and  Whittaker  Creek  Road  which  was  completed  recently  for  a  cost 
of  $325,366. 

Since  neither  the  roads  constructed  under  Public  Roads  supervision  nor  the 
feeder  roads  constructed  by  logging  companies  are  on  a  county  or  State  road  sys- 
tem, necessary  maintenance  operations  are  performed  by  Public  Roads  as  re- 
quested by  the  Bureau  of  Land  Management.  During  the  past  year,  Public  Roads 
maintained  247  miles  of  roads  constructed  under  its  supervision  and  320  miles  of 
feeder  roads  constructed  by  others,  at  a  cost  of  $373,000. 
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Forest  development  roads 

At  the  request  of  the  Forest  Service,  Public  Roads  makes  surveys,  prepares 
plans,  and  supervises  construction  of  roads  within  national  forests  which  are  of 
primary  importance  in  the  protection,  administration,  and  utilization  of  the  for- 
ests ;  or  which  are  necessary  for  the  use  and  development  of  the  resources  upon 
which  the  communities  within  or  adjacent  to  the  national  forests  are  dependent. 
During  the  fiscal  year,  construction  was  completed  on  91  miles  involving  $5.8 
million  of  Federal  funds.  At  the  close  of  the  year,  48  miles  were  under  construc- 
tion at  an  estimated  cost  of  $3.3  million. 

Construction  on  the  Agness  Road  in  the  Siskiyou  National  Forest  was  typical 
of  this  work.  This  road  will  serve  the  logging  industry,  with  some  benefit  to 
sportsmen  and  recreational  traffic.  All  of  the  32-mile  route  lies  within  the  moun- 
tainous terrain  of  the  Coast  Range,  and  slides  and  unusual  drainage  problems 
make  construction  difficult.  Low  design  standards  provide  for  a  surfaced  roadbed 
20  feet  wide  on  approximately  11  miles  of  the  section  along  the  Rogue  River, 
and  for  one  12-foot  lane  with  turnouts  on  the  remainder.  Four  grading  projects 
totaling  18  miles  in  length  were  let  to  contract  at  a  cost  of  $1.5  million.  Two  of 
these  projects  had  been  completed  and  one  was  nearing  completion.  Construction 
of  four  bridges,  totaling  approximately  1,400  feet  in  length,  were  required  on  the 
route. 

Public  lands  highways 

Federal-aid  Acts  since  1950  have  provided  funds  to  assist  the  States  in  devel- 
oping main  roads  through  unappropriated  or  unreserved  public  lands,  nontaxable 
Indian  lands,  or  other  Federal  reservations.  These  funds  have  been  allocated  on 
the  basis  of  need  to  specific  projects  in  14  States.  The  $3  million  authorized  for 
the  fiscal  year  1961  was  allocated  to  seven  projects. 

One  of  the  larger  projects  was  for  improvement  of  the  Lewis  and  Clark  High- 
way in  Idaho  between  Kooskia  and  Lolo  Pass  at  the  Montana  State  line.  Com- 
pletion of  this  and  previous  work  undertaken  with  public  lands  funds  will  provide 
a  modern  highway  following  the  route  traversed  by  Lewis  and  Clark  in  their  ex- 
ploratory trip  from  St.  Louis  to  the  Pacific  Ocean. 

Defense  access,  replacement,  and  maneviver  roads 

During  the  fiscal  year,  funds  transferred  to  Public  Roads  by  the  Department 
of  Defense  for  highway  projects  serving  defense  installations  included  $1,193,000 
from  the  Department  of  the  Army,  $1,940,344  from  the  Department  of  the  Navy, 
and  $17,121,396  from  the  Department  of  the  Air  Force— a  total  of  $20,254,740. 
This  increased  the  total  funds  transferred  by  these  three  departments  since  fiscal 
year  1956  to  $70,579,537.  The  National  Aeronautics  and  Space  Administration 
also  transferred  $589,620  to  finance  right-of-way  and  construction  of  one  project. 
All  transfers  by  defense  agencies,  including  the  Atomic  Energy  Commission,  for 
defense  access,  replacement,  and  maneuver  roads  since  the  beginning  of  the 
Korean  emergency  totaled  $131,429,024. 

During  the  fiscal  year,  91  projects  serving  defense  installations  were  pro- 
gramed at  a  total  estimated  cost  of  $16,897,160  of  which  $16,540,121  was  provided 
by  defense  agencies.  This  includes  preliminary  engineering  in  the  amount  of 
$151,135  on  seven  defense  projects  having  a  total  estimated  construction  cost  of 
$2.3  million.  At  the  end  of  the  year  there  were  40  unfinanced  projects  having  a  to- 
tal estimated  cost  of  $24.1  million  and  requiring  $21.6  million  of  defense  access- 
road  funds  which  had  been  certified  as  important  to  the  national  defense  or  re- 
ferred to  the  Department  of  Defense  for  certification.  The  Bureau  of  Public  Roads 
was  evaluating  58  other  projects. 

The  major  portion  of  this  activity  during  the  year  was  for  access  roads  to  Air 
Force  Atlas  and  Titan  missile  sites  at  15  air  bases.     The  needs  of  83  different 
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sites  were  evaluated.  The  total  estimated  cost  of  access  roads  at  the  52  sites  re- 
quiring improvements  was  $7.9  million.  At  the  close  of  the  year  39  sites  were 
under  study. 

New  standard  specifications  for  construction 

At  the  close  of  the  fiscal  year,  revision  of  Puhlic  Roads'  Standard  Specifications 
for  Construction  of  Roads  and  Bridges  on  Federal  Highway  Projects  was  in  the 
final  stages  of  preparation  and  was  expected  to  be  printed  in  time  for  use  in 
preparing  plans  for  the  next  construction  season.  The  new  specifications  edi- 
tion, designated  as  FP-60,  will  supersede  the  old  FP-57.  The  revised  speci- 
fications represent  the  coordinated  efforts  of  Public  Roads,  other  Federal  agen- 
cies, and  national  technical  and  industrial  associations  affiliated  with  highway 
construction  which  contributed  through  c(mstructive  criticisms. 

Highway  Planning  and  Design 

Public  Roads  engineers  continued  to  work  closely  with  the  State  highway 
departments  in  resolving  difficult  highway  design  problems,  particularly  those 
encountered  on  the  Interstate  System  in  urban  areas.  As  a  large  number  of 
freeway  sections  were  completed  and  traffic  operations  were  observed,  it  be- 
came increasingly  evident  that  extreme  care  was  necessary  in  the  selection  of 
appropriate  interchange  types  and  their  proper  spacing  to  avoid  operational 
difficulties  and  to  provide  adequately  but  economically  for  Interstate  and  local 
traffic. 

Construction  plans  showed  increasing  use  of  the  design  of  rural  divided  high- 
ways as  separate  one-way  roadways  with  a  variable-width  median  fitted  to  the 
terrain,  providing  economy  of  construction  and  maintenance,  reduction  of  head- 
light glare,  and  safety  for  high-speed  traffic.  Public  Roads  design  engineers 
working  with  the  States  on  project  plans  continued  the  analysis,  trial,  and 
evaluation  of  new  or  adjusted  design  features  that  had  promise  of  greater  safety, 
better  operations,  or  greater  economy.  As  such  features  were  proven,  they  were 
incorporated  in  design  guides  and  standards  to  promote  general  uniform  use 
across  the  country  under  similar  design  and  traffic  conditions.  Design  review 
of  highway  plans,  interchange  layouts,  and  standards  resulted  in  the  development 
of  mutually  acceptable  design  proposals  which  will  effect  a  minimum  of  prop- 
erty damage  and  inconvenience  to  local  interests  consistent  with  good  engineer- 
ing practice,  and  sound  economic  principles  to  provide  highways  that  will  safely 
and  efficiently  handle  the  estimated  traffic. 

Urban  planning 

The  determination  of  location  and  design  details  for  major  street  and  free- 
way developments  in  urban  and  suburban  areas  involves  detailed  technical  proc- 
esses, parts  of  which  are  direct  steps  in  overall  city  planning.  While  consid- 
erable progress  has  been  made  toward  accomplishing  these  proper  planning 
steps,  work  on  the  Interstate  and  other  urban  system  highways  made  it  evident 
in  some  cases  that  desired  "regional  urban  area"  planning  processes  were  in 
need  of  additional  attention  in  order  to  insure  that  arterial  highways  are  lo- 
cated to  provide  the  maximum  economic  benefit  to  the  metropolitan  area  and 
permit  the  highway  program  to  proceed  without  delay. 

In  addition  to  the  continuing  series  of  traffic  and  other  urban  research  studies 
to  obtain  data  for  planning  urban  highways.  Public  Roads  focused  attention 
during  the  year  on  the  need  for  early  accomplishment  of  cooperative  planning 
work  between  the  States  and  cities.  A  general  objective  is  the  attainment  of  a 
current  and  realistic  urban  arterial  highway  plan  for  each  urban  area,  co- 
operatively developed  and  endorsed  by  all  agencies  concerned,  upon  which  the 
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Federal-aid  system  can  be  identified  for  development  of  construction  projects. 
Public  Roads  engineers  were  actively  assisting  the  States  and  cities  in  the  at- 
tainment of  this  objective. 

A  great  deal  of  urban  community  planning  has  already  been  done,  but  com- 
prehensive information  was  not  available  on  such  accomplishments.  Conse- 
quently, Public  Roads  initiated  an  inventory  of  urban  planning  during  the  year, 
with  indicated  priority  for  all  places  of  over  25,000  population  and  those  over 
10,000  on  the  Interstate  System.  Data  from  the  inventory  will  permit  evaluation 
of  the  specific  planning  problems  and  determination  of  further  steps  to  be  talcen. 

Public  Roads  has  also  been  closely  associated  with  many  urban  studies. 
Through  the  Statewide  highway  planning  program,  using  the  iy2-percent  Fed- 
eral-aid highway  funds  earmarked  for  planning  and  research,  highway  and 
transportati(m  studies  were  being  organized  or  operated  by  the  States  in  coop- 
eration with  local  governments  in  a  large  number  of  urban  areas,  including  Salt 
Lake  City,  Jacksonville,  Honolulu,  Atlanta,  Ann  Arbor,  Benton  Harbor-St. 
Joseph,  New  Orleans,  Joplin,  Ypsilanti,  Philadelphia-Camden,  Fayetteville,  High 
Point,  N.C.,  Portland,  Oreg.,  Sharon-Farrell,  Pa.,  Providence,  Chattanooga- 
Nashville,  Houston,  Green  Bay,  Huntsville,  Florence-Shefiield-Tuscumbia,  Ala., 
Tucson-Pima  County,  Ariz.,  Denver,  and  Little  Rock. 

In  addition,  metropolitan  area  transportation  studies  were  established  on  a 
continuing  basis  in  Detroit,  Chicago,  Minneapolis-St.  Paul,  Pittsburgh,  and 
Washington,  D.C.  It  is  contemplated  that  the  Philadelphia-Camden  regional 
transportation  study  will  also  be  on  a  continuing  basis. 

Preliminary  action  had  been  taken  in  organizing  a  cooperative  Public  Roads- 
State-local  government  transportation  study  of  the  northern  New  Jersey  area. 

There  has  been  continuing  improvement  in  cooperation  between  Public  Roads 
and  the  Housing  and  Home  Finance  Agency.  This  has  been  particularly  fruitful 
in  connection  with  activities  of  the  Urban  Renewal  Administration  in  urban 
renewal  and  planning.  Cooperation  at  the  field  level  am<»nff  Public  Roads,  Urban 
Renewal,  and  State  highway  department  personnel  is  resulting  in  economy  in 
right-of-way  acquisition  and  construction. 

Highway  planning  studies  and  research  results,  discussed  elsewhere  in  this 
report,  have  been  instrumental  in  developing  procedures  for  the  more  effective 
study  of  interrelationships  of  land  use  and  transportation  planning  for  urban 
areas. 

Design  policies 

Work  was  continued  during  the  year  by  the  American  Association  of  State 
Highway  Officials,  with  Public  Roads  cooperation,  on  development  of  additional 
design  guides  and  policies.  Work  was  completed  on  and  the  AASHO  adopted 
and  published  A  Guide  on  Lighting  Controlled  Access  Hightvays,  A  Policy  on 
U-Turn  Median  Openings  on  Freeways,  A  Guide  for  Preparing  Private  Driveway 
Regulations  for  Major  Highways,  and  a  revision  of  the  1952  Informational  Re- 
port on  Road-User  Benefit  Analyses  for  Highway  Improvements.  The  guide  on 
lighting  summarizes  avaihible  data  and  opinions  on  highway  conditions  where 
illumination  is  likely  to  be  warranted  and  outlines  tlie  type  and  extent  of  lighting 
that  should  be  considered.  The  policy  on  U-turn  median  openings  indicated  the 
type,  location,  and  extent  to  which  such  openings  should  be  provided  on  freeways 
for  exclusive  use  by  official  and  emergency  vehicles.  The  guide  for  driveway 
regulations  outlines  the  principles  that  should  be  included  in  a  specific  State 
or  local  regulation  and  lists  a  range  of  typical  values  for  layout  controls  of 
driveways.  Both  the  safety  and  efficiency  of  higliway  traffic  and  the  interests 
of  the  abutting  landowners  are  considered.  The  road-user  benefit  analysis  report 
includes  revised  unit  cost  tables  based  on  current  prices  for  the  items  included 
in  the  costs  of  vehicle  operations. 
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Work  was  completed  on  a  proposed  policy  on  access  between  controlled-access 
highways  and  adjacent  existing  railroads  for  rubber-tired  railroad  service  and 
maintenance  equipment  in  areas  where  the  freeway  is  the  only  highway  ap- 
I)roach.  Work  continued  on  studies  toward  guides  on  control  of  headlight  glare 
on  divided  liighways  and  on  services  to  motorists  and  patroling  on  Interstate 
highways.  Preliminary  studies  for  revised  primary  system  highway  standards 
were  started. 

During  the  year  a  special  AASHO  freeway  study  and  analysis  committee 
composed  of  six  experts  of  whom  two  were  from  Public  Roads,  made  on-site 
inspections  of  freeway  operation  to  determine  how  designs  now  in  use  affect 
freeway  utility  and  safety.  The  report  of  this  committee  was  completed  and  is 
being  used  extensively  to  improve  freeway  design. 

Pavement  design 

Considerable  progress  was  made  by  Public  Roads  in  cooperation  with  the 
AASHO  operating  committee  on  design  in  the  development  of  recommended 
guides  for  the  design  of  pavement  structures.  They  will  become  part  of  a  hand- 
book on  basic  concepts  of  pavement  design,  including  practical  methods  of  evalu- 
ating traffic  loads,  the  supporting  power  of  soils,  and  the  strength  of  pavement 
structures.  Data  obtained  from  the  AASHO  Road  Test  in  Illinois  will  be  used 
in  developing  the  guides. 

Bridge   Design 

Construction  by  the  State  highway  departments  of  a  number  of  noteworthy 
bridges,  whose  plans  had  been  reviewed  by  Public  Roads,  was  underway  or 
about  to  start  at  the  end  of  the  year.  Among  them  were  the  New  Albany-Louis- 
ville Bridge  over  the  Ohio  River  which  will  have  two  800-foot  tied  arch  spans 
with  two  decks  for  opposite  directional  traffic.  All  truss  members  and  ties  are  to 
be  high-strength  steel  welded  box  sections.  The  Calcasieu  River  Bridge  in 
Louisiana  will  be  a  four-lane  structure  with  a  central  high  section  consisting 
of  a  three-span  all-welded  deck  plate  girder  with  a  4.50-foot  center  span.  The 
Taunton  River  Bridge  in  Massachusetts  will  have  a  three-span  through  canti- 
lever truss  with  a  center  span  of  840  feet.  The  two  trusses  will  be  101  feet  apart 
to  provide  for  six  lanes  of  traffic.  The  Merrimac  River  Bridge  in  Massachusetts 
,is  being  built  as  a  two-level  structure,  each  with  two  36-foot  roadways  and  a 
median  divider,  to  meet  heavy  traffic  needs  and  unusual  site  conditions.  Dif- 
ferent span  lengths  are  being  used  in  the  two  levels  to  allow  for  bearing  and  pier 
arrangement.  The  lower  level  is  shorter  than  the  upper,  permitting  on  and  ofE 
ramps  within  the  upper  structure  limits. 

Also  of  interest  among  the  State  highway  department  projects  in  which  Pub- 
lic Roads  collaborated  were  two  subaqueous  tunnels.  The  4,200-foot  Estuary 
Tube,  linking  Oakland  and  Alameda,  Calif.,  will  function  as  a  twin  unit  to  the 
existing  Posey  Tube  and  is  to  be  constructed  by  precast  section  trench  method. 

An  unusual  bridge  was  completed  during  the  year  across  Portage  Lake  in 
Michigan,  providing  a  highway-railroad  connection  to  the  Keweenaw  Peninsula. 
The  1,310-foot  structure's  $11  million  cost  was  financed  by  the  State,  Federal- 
aid  urban  funds,  and  the  U.S.  Corps  of  Engineers.  The  double-deck  bridge 
carries  a  railroad  on  its  lower  level  and  U.S.  41,  with  current  traffic  of  11,000 
vehicles  per  day,  on  the  4-lane  upper  level.  Normally  the  250-foot  lift  span's 
lower  deck  is  level  with  the  upper  deck  of  the  approach  spans,  providing  high- 
way service  and  a  34-foot  vertical  navigation  clearance.  For  rail  traffic  the  lift 
span  is  lowered,  and  highway  traffic  uses  its  upper  deck ;  there  is  still  sufficient 
clearance  for  small  craft.     Fully  raised,  the  lift  span  has  a  100-foot  clearance 
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T/iis  double-deck  bridge  across  Portage  Lake  in  Michigan  carries  both  rail  and 
highway  traffic.  Service  will  be  interrupted  far  less  often  than  on  the  old, 
narrow  swing-span  bridge  which  appears  in  the  background. 


for  large  ships.  The  old,  replaced  structure  was  only  18  feet  wide  and  its  swing 
span  had  to  be  opened  for  all  small  craft,  causing  frequent  traffic  stoppage. 

During  tlie  year  Public  Koads  completed  a  compilation  of  new  bridge  con- 
struction during  calendar  years  1957-59  listing  by  States,  and  by  highway  system 
the  number,  length,  and  cost,  and  the  percentage  constructed  of  concrete,  struc- 
tural steel,  and  prestressed  concrete. 

A  study  was  undertaken  of  present  practice  in  bridge  railing  construction, 
and  it  was  found  that  great  improvement  could  be  made  in  their  effectiveness 
as  barriers  for  the  protection  of  traffic.  Kecommended  criteria  were  developed 
for  this  purpose,  covering  the  iise  of  materials  having  high  impact  resistance 
and  methods  of  construction  which  will  make  the  railing  assembly  effective  in 
collisions  more  as  a  unit  than  as  a  group  of  separate  parts. 

Public  Roads  in  cooperation  with  the  American  Ass<xnation  of  State  High- 
way Officials  committee  on  bridges  and  structures,  developed  a  Crite)-ia  for  the 
Design  of  f^ifin  Supports  which  has  been  presented  for  consideration  as  a  speci- 
fication. To  determine  appropriate  wind  forces  on  signs,  the  Weather  Bureau 
made  a  statistical  study  of  wind  records  and  developed  a  map  of  wind  speeds 
based  on  probability  data.  Application  of  tlie  wind  speeds  is  made  by  a  con- 
version table  to  determine  wind  pressure.  This  method  of  wind  analysis  is 
unique  and  is  a  more  valid  approach  than  the  use  of  extreme  winds  of  record. 
Sign  supports  are  to  be  designed,  according  to  the  criteria,  at  stress  levels  con- 
siderably higher  than  those  of  the  AASHO  Bridge  Spec-ifications,  and  will  use 
materials  and  shapes  novel  in  highway  structures.  Development  of  the  design 
methods  for  sign  supports  resulted  from  extensive  investigation  of  various  ana- 
lytical methods  and  study  of  the  proiierties  of  different  materials  with  the  view 
of  making  economy  compatible  with  safety. 
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Interstate  R<»ute  89  ivill  cross  the    It  inooski  liiier,  U.S.  2,  and  a   railroad  on 
this  twin  bridge  in  Vermont,  west  of  Montpelier. 


The  American  Society  for  Testing  Materials  lias  approved  two  new  steel 
specifieations  as  tentative  standards :  A-36,  a  mediiun  manganese  structural 
steel  with  36,000  p.s.i.  yield  point,  and  a  high-strength  low-alloy  manganese 
vanadium  steel  with  yield  points  up  to  50,000  p.s.i.  Public  Roads  assisted  in 
developing  these  standards.  Heat  treated  alloy  steels  with  yield  point  values  of 
90,000  to  100,000  were  in  use  in  some  States  for  long-span  trusses  and  welded 
girders. 

A  revised  edition  of  the  American  Welding  Society  Bridge  Specifications  was 
being  prepared  for  publication.  The  Steel  Structures  Painting  Council  com- 
pleted preliminary  drafts  of  recommendations  for  painting  over  welds  and  for 
the  painting  of  rusty  steel.     Public  Roads  participated  in  these  projects. 

During  the  year  a  Hydraulic  and  Hydrological  Branch  was  established  in 
Public  Roads'  Office  of  Engineering  to  review  unusual  hydraulic  design  features 
shown  on  construction  plans,  analyze  and  establish  hydraulic  design  criteria 
for  application  in  the  solution  of  particular  hydraulic  problems  related  to 
highways,  and  provide  advisory  services  on  hydraulic  design  to  the  State  high- 
way departments  and  the  Public  Roads  field  offices. 

Public  Roads  participation  in  research  in  structural  problems  connected  with 
bridges  continued  during  the  year,  with  projects  in  progress  at  the  Universities 
of  Arkansas,  Florida,  Illinois,  Missouri,  and  Washington ;  Cornell,  Lehigh,  and 
Northwestern  Fniversities ;  and  Texas  A.  &  M.  College.  These  involved  re- 
search in  prestressed  concrete,  high-strength  steel  bars  for  concrete  reinforce- 
ment, welded  plate  girders,  riveted  and  bolted  joints,  experimental  bridge  truss 
behavior,  and  aluminum  alloy  bridges.  Based  on  information  from  the  re- 
search at  Lehigh  University  on  the  strength  of  welded  plate  gii-ders.  Public 
Roads  prepared  a  new  specification  for  an  economical  design  of  girders  which 
has  been  submitted  to  the  AASHO  for  consideration. 
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Right-of-Way  Acquisition 

Public  Roads,  by  the  addition  at  the  field  office  level  of  personnel  experienced 
in  the  acquisition  of  rights-of-way  and  by  the  holding  of  numerous  meetings  with 
State  personnel,  has  worked  closely  with  the  State  highway  departments  to  de- 
velop procedures  for  the  efficient  and  expeditious  handling  of  right-of-way  mat- 
ters. These  improved  procedures  prevent  to  a  great  extent  delays  in  the  start  of 
construction  due  to  the  unavailability  of  right-of-way.  In  the  meetings  with  the 
States,  among  other  things,  stress  has  been  placed  on  the  participation  of  right- 
of-way  personnel  in  highway  location  and  design  activities  at  the  planning 
stages.  Many  of  the  States  have  adopted  such  procedures,  which  have  resulted 
in  considerable  monetary  saving.  The  close  liaison  between  right-of-way  person- 
nel and  the  location  and  design  engineers  is  of  particular  importance  where 
construction  items  are  used  in  mitigation  of  severance  and  other  damages. 

Outdoor  Advertising  Control  on   the  Interstate   System 

No  State  had  yet  entered  into  an  agreement  with  the  Secretary  of  Commerce 
to  control  outdoor  advertising  in  areas  adjacent  to  the  Interstate  System  and 
thus  receive  the  increased  share  of  the  cost  of  construction  of  Interstate  high- 
ways provided  in  section  131  of  title  23,  United  States  Code.  A  large  number  of 
States,  however,  were  considering  legislation  designed  to  give  the  State  highway 
departments  legal  authority  to  control  outdoor  advertising  consistent  with  the 
national  standards  promulgated  by  the  Secretary  of  Commerce,  and  to  enter  into 
the  prescribed  agreement.  Five  States  had  enacted  legislation  which  would 
appear  to  fulfill  the  requirements,  but  only  Maryland  had  officially  applied  for 
an  agreement.  At  the  end  of  the  year,  the  form  and  contents  of  the  agreement 
were  being  formulated  and  reviewed  by  Public  Roads  and  the  State. 

Utility  Relocation 

Public  Roads,  in  cooperation  with  the  several  State  highway  agencies  ana 
various  groups  representing  sepnents  of  the  utility  industry,  continiied  during 
the  year  to  develop  practices,  policies,  and  procedures  to  improve  and  expedite 
the  administrative  and  operati(mal  activities  associated  with  the  relocation 
and  accommodation  of  utilities  necessitated  by  highway  construction  projects 
on  the  Federal-aid  systems.  The  American  Association  of  State  Highway  Offi- 
cials developed,  with  Public  Roads  assistance,  and  adopted  A  Policy  on  the 
Accommodation  of  Utilities  on  the  National  System  of  Interstate  and  Defense 
Highways,  which  has  been  well  accepted  by  both  the  utility  industry  and  the 
highway  agencies.  This  policy  provides  the  general  principles  to  be  followed 
in  the  adjustment  or  relocation  of  utility  facilities  to  protect  the  stability  of  the 
highway,  i»reserve  access  control,  increase  highway  safety,  and  provide  uni- 
formity of  treatment,  but  with  recognition  to  the  public  interest  in  avoiding 
unnecessary  and  costly  operations  to  utility  owners  and  consumers. 

Establishment  of  utility  engineer  positions  in  the  Public  Roads  field  offices  and 
participation  in  the  activities  of  the  AASHO  utility  liaison  committee  have 
strengthened  liaison  between  Public  Roads,  the  State  highway  departments,  and 
the  utility  industry. 

Highway  Roadside  Development 

Public  Roads  continued  to  encourage  the  State  highway  departments  to 
coordinate  engineering  requirements  with  landscape  architectural  objectives  in 
highway  design.     The  American   Association  of   State  Highway   Officials,   with 
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Public  Roads  cooperation,  completed  a  policy  on  landscape  development  for 
the  National  System  of  Interstate  and  Defense  IIigh\Yay.s.  The  policy  deals 
with  improvement  of  right-of-way  through  conservation  of  landscape  features 
and  approjjriate  roadside  planting  to  provide  protection  against  erosion, 
increased  safety,  improved  appearance,  reduced  maintenance,  and  preservation 
of  land  values. 

During  the  year  Public  Roads  specialists  cooperated  with  the  State  highway 
departments  and  industry  in  the  development  of  new  materials  and  improved 
methods  of  application  for  controlling  erosion  on  highway  slopes.  Field  dem- 
onstrations of  new  products  of  the  paper,  jute,  fertilizer,  and  chemical  indus- 
tries oflering  possibilities  for  further  reduction  in  the  cost  of  mulching  and 
seeding  were  observed.  Such  cooperative  work  has  alread.v  resulted  in  develop- 
ment of  power  equipment  for  application  of  these  special  materials  on  the  exten- 
sive slopes  frequently  found  along  divided  highways. 

Studies  were  continued  in  the  use  of  woody  plants  ff)r  roadside  cover  and 
in  the  design  of  planting  on  slopes  too  steep  for  mowing,  in  order  to  provide  a 
natural  cover  for  control  of  erosion  with  a  minimum  of  maintenance. 

Aerial  and  Ground  Surveys 

Public  Roads  specialists  in  aerial  surveys  and  photogrammetry  continued  to 
concentrate  on  improving  techniques  for  establishing  basic  and  supplemental 
control  and  for  map  compilation,  and  on  developing  new  methods.  Several  papers 
on  technical  aspects  of  photogrammetry  were  prepared,  including  one  for  the 
Interna ticmal  Society  for  Photogrammetry.  An  effective  and  efficient  elec- 
tr(mic,  photogrammetric,  digital  scaler  was  develoi)ed.  tested,  and  i)ut  into  oper- 
ation by  a  Public  Roads  field  office  for  measurement  and  automatic  recording 
of  prt)tile  and  cross  sections  from  stereoscopic  models  projected  by  the  dorable 
projection  type  photogrammetric  instruments. 

Reconnaissance  surveys  were  performed  or  started  as  consultant  service  or 
special  assistance  to  several  of  the  States  and  several  foreign  countries.  As  an 
example,  one  technician  spent  a  month  in  Costa  Rica  assisting  the  Ministry  of 
Public  Works  in  their  photogrammetric  work.  Extensive  consultation  services 
were  performed  during  the  year  for  the  State  of  Alaska  in  preparing  and  nego- 
tiating consultant  contracts  for  aerial  surveys  and  location  and  design  of  320 
miles  of  highway  routes.  Training  courses  in  photogrammetry  and  aerial  sur- 
veys and  their  adaptation  to  highway  engineering  were  provided  for  t)7  I'ublic 
Roads  and  State  engineers  during  the  year. 

Beginning  in  1J>57,  Virginia  and  California  were  the  first  States  to  employ 
electronic  methods  of  measuring  distances  in  the  accomplishment  of  b;isic  ground 
control  surveys  for  the  establishment  of  geodetic  markers  in  conjunction  with 
highway  location  surveying  by  aerial  methods.  Twelve  other  States  have  tested 
and  used  such  instruments  ffn-  control  surveying  jiurposes.  especiiilly  on  the  In- 
terstate System.  Extensive  tests  in  cooi)eration  with  Public  Roads  were  con- 
cluded iind  reported  by  Arizona,  ^Maryland,  and  ^Mississippi  during  the  year. 
These  tests  wei-e  performed  under  a  wide  range  of  geographic,  climatic,  and  ti-af- 
tic  conditions.  Accuracies  well  above  second  order  recjuirements  ( 1 :  1(),()0()) 
were  achieved.  Costs  of  basic  .surveys  for  liig'hway  location  purposes  were  re- 
duced by  these  new  methods  to  one-half  the  costs  of  conventional  traverse  aiul 
t  rianguhition  methods. 

During  the  year.  Public  Roads  produced  a  motion  picture,  Hafcfi/  in  Highivay 
Snrvcyinf/,  which  demonstrates  safety  practices  for  ground  sui-\ey  ci-ews  woi-king 
iji  rough  country  and  on  highway  construction  projects. 
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Highway  Needs  of  the  National  Defense 

Continuing  coordination  between  Public  Roads  and  the  Department  of  Defense 
was  maintained  relative  to  highway  needs  for  national  defense.  During  the 
fiscal  jear,  following  extensive  study  and  consideration,  the  standard  for  vertical 
clearance  of  structures  on  the  Interstate  System  in  rural  areas  was  changed 
from  14  to  16  feet  at  the  request  of  the  Department  of  Defense  to  permit  road 
transport  of  missiles,  and  the  selection  of  routes  with  16-foot  vertical  clearance 
around  large  urban  places  was  also  coordinated  with  the  Department  of  Defense. 
Studies  were  initiated  to  select  other  routes  with  16-foot  vertical  clearance,  con- 
necting Interstate  routes  and  port  areas  designated  by  the  Department  of 
Defense. 

Studies  were  also  made  to  determine  the  capability  of  bridges  to  carry  pro- 
posed oversized,  overweight  military  vehicles,  and  their  transportability  as  re- 
lated to  approved  highway  design  standards. 

The  program  for  improvement  of  defense  access,  replacement,  and  maneuver 
roads  is  discussed  elsewhere  in  this  report. 

Emergency  planning  and  mobilization  readiness 

During  the  year  Public  Roads  continued  to  advance  its  emergency  planning 
with  the  cooperation  of  the  State  highway  departments,  and  achieved  substantial 
results  in  genuine  readiness  to  meet  a  grave  national  emergency  which  would 
arise  from  an  enemy  attack.  The  American  Association  of  State  Highway  Of- 
ficials gave  considerable  attention  to  the  subject  at  its  annual  meeting,  and 
adopted  resolutions  which,  when  integrated  with  the  standing  policies  of  the 
Association,  will  help  establish  a  uniform  approach  throughout  the  highway 
field  to  the  problem  of  emergency  planning. 

A  number  of  State  highway  departments  instituted  programs  for  training  their 
personnel  in  radiological  monitoring.  At  the  end  of  the  year  the  States  and 
Public  Roads  had  224  instructors  and  4,208  trained  monitors  in  this  field. 

In  Operation  Alert  1960,  Public  Roads  requested  and  received  excellent  co- 
operation from  the  State  highway  departments  in  dealing  with  the  simulated 
problems  an  enemy  nuclear  attack  would  create  with  respect  to  highways.  The 
exercise  was  developed  at  lower  echelons  in  some  highway  department  organi- 
zations, with  the  result  that  many  more  of  their  employees  were  made  aware 
of  the  nature  of  the  problems.  In  one  State,  for  instance,  100  State  highway 
department  employees  were  occupied,  full  time,  in  the  exercise.  The  operation 
more  clearly  identified  a  number  of  organizational  problems  as  requiring  reme- 
dial action. 

Highway   Safety 

Public  Roads  continued  its  activities  in  the  study  and  promotion  of  highway 
safety  during  the  year.  A  variety  of  research  projects  related  to  the  subject 
are  described  elsewhere  in  this  report.  The  Highway  Safety  Study  Unit, 
created  to  prepare  the  safety  study  reported  to  Congress  last  year,  has  been 
assigned  responsibility  for  the  study  and  investigation  of  highway  safety 
throughout  the  United  States  and  the  coordination  of  Public  Roads  and  other 
programs  concerned  with  the  subject. 

In  cooperation  with  the  National  Safety  Council  committee  on  winter  driving 
hazards.  Public  Roads  produced  an  educational  film.  Winter  Driving,  which 
illustrates  safe  winter  driving  techniques  for  starting,  stopping,  and  cornering 
on  snow  and  ice,  and  on  avoiding  or  recovering  from  skids.  The  16-mm.  film, 
in  color  and  sound,  runs  for  24  minutes.  It  is  appropriate  for  driver  education 
classes,  off-the-job  safety  programs,  and  civic  gatherings.  The  film  is  avail- 
able to  Federal  agencies  and  State  highway  departments  through  the  Bureau 
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of  rnblic  Roads,  and  to  others  throujili  the  National  Safety  Conncil,  425  North 
Michigan  Ave.,  Chicago  11,  III. 

Public  Roads  continued  to  cooperate  closely  with  the  President's  Committee 
for  Traffic  Safety,  providing  part  of  its  staff  and  financing.  During  the  year 
the  Committee's  Advisory  Council  approved  a  thorough  review  of  the  balanced 
Action  I'rogram,  with  updating  as  necessary.  Technical  committees  have  un- 
dertaken this  work.  Another  major  project  underway  was  the  development 
of  a  r)-year  traffic  safety  plan  as  a  long-range  guide  to  all  organizations  and 
for  more  effective  cooi)erati<m  among  all  those  with  traffic  safety  interests  and 
responsibilities. 

A  highlight  of  the  year  was  the  Committee-sponsored  Lawyer-Layman  Con- 
ference at  Miami  Beach,  Fla.,  held  in  cooperation  with  the  American  Bar  Associa- 
tion to  spur  improvement  of  traffic  court  procedure  and  upgrading  of  those 
courts.  Over  1,500  delegates  from  43  States,  the  District  of  Columbia,  Puerto 
Rico,  the  Virgin  Islands,  and  Guam  attended.  Other  important  Committee 
activities  included  sponsoring  of  four  regional  Women's  Traffic  Safety  Seminars  ; 
active  participation  in  a  series  of  regional  Governors'  conferences ;  and  at  year's 
end  the  52d  Annual  Governors'  Conference  where  special  emphasis  was  given 
to  the  need  for  stepped-uj)  traffic  safety  research. 

Administration  and  Management 

Progress  was  made  during  the  year  on  the  comprehensive  financial  manage- 
ment improvement  program  begun  during  the  previous  year.  Planned  objectives 
reached  included  conversion  of  accounting  to  an  accrual  basis;  development 
of  proposed  cost  accounting  and  cost-based  budgeting  patterns ;  improvement 
of  internal  accounting  and  auditing  procedures ;  and  elimination  of  duplications 
in  recording  and  reporting.  Increased  emphasis  was  placed  on  cooperation  with 
State  highway  organizations  in  the  application  of  uniform  accounting  and  re- 
porting practices.  Professional  accounting  positions  were  established  in  the 
Public  Roads  field  offices. 

Significant  steps  were  taken  during  the  year  to  meet  the  demands  for  auto- 
matic data  processing  in  Public  Roads  engineering,  research,  financial  nmnage- 
ment,  and  administrative  programs.  An  advisory  committee  was  established 
to  provide  leadership  and  coordination  in  development  and  integration  of  data 
processing  systems  under  a  master  plan.  Studies  were  made  of  up-to-date  elec- 
tronic computer  systems  and  plans  were  formulated  for  selection  of  additional 
equipment  to  augment  the  equipment  now  installed  in  the  central  office.  In- 
creased emphasis  was  placed  on  utilization  of  the  staff  of  trained  programers 
In  the  critical  areas  of  analysis  and  development  of  data  processing  programs, 
including  systems  design  and  feasibility  studies.  A  training  program  was 
planned  to  develop  a  corps  of  automatic  data  processing  specialists  among 
Public  Roads  operating  personnel.  Substantial  benefits  accruing  as  a  result 
of  these  efforts  indicated  satisfactory  progress  toward  the  long-range  objective 
of  maximum  application  of  electronic  computer  systems  and  techniques  to  the 
program  needs  of  Public  Roads  and  the  State  highway  oi-ganizations. 

Progress  was  made  in  development  and  issuance  of  administrative  manual 
material  during  the  year.  The  manual  will  provide  a  complete  body  of  admin- 
istrative operating  procedures  and  is  expected  to  result  in  improved 
administration. 

Development  of  New  Practices 
Electronic   computers 

Public  Roads  representatives  reviewed  the  engineering  and  administrative 
operations  of  the  Massachusetts,  New  York,  Pennsylvania,  and  West  Virginia 
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state  highway  departments  and  made  specific  recommendations  for  more  effec- 
tive use  of  their  electronic  computers  and  related  equipment.  A  similar  study 
of  the  District  of  Columbia  Department  of  High\Yays  and  Traffic  was  underway. 

The  General  Electric  Co.  and  the  Bureau  of  Public  Roads  developed  a  com- 
plex of  electronic  computer  programs  for  assignment  of  traffic  to  urban  networks, 
which  will  aid  in  optimum  design  of  metropolitan  area  street  and  freeway  facili- 
ties for  anticipated  future  traffic.  The  programs  were  used  during  the  year  in 
transportation  studies  in  a  number  of  cities,  including  Washington,  D.C.,  Min- 
neapolis-St.  Paul,  Minn.,  and  Charleston,  W.  Va.  Advice  was  furnished  to 
Ohio  State  University  for  use  of  these  programs  in  urban  studies  in  that  State. 
At  the  end  of  the  year,  conversion  of  these  programs  to  the  Public  Roads  com- 
puter library  form  was  nearing  completion. 

During  the  fiscal  year,  52  new  programs  were  added  to  the  Public  Roads 
computer  program  library,  bringing  the  total  to  348  programs  covering  all  phases 
of  highway  engineering.  Six  programs  were  converted  to  universally  usable 
form,  making  a  total  of  27  available  to  State  highway  departments  and  other 
computer  users;  and  4  additional  programs  were  being  converted.  Programs 
in  this  universal  form  are  readily  codable  for  any  make  or  model  of  computer, 
thus  eliminating  duplication  of  effort  in  program  development. 

For  example,  the  analysis  of  rigid  frame  bridge  piers  is  a  complex  design 
problem  which  is  frequently  faced  in  most  State  highway  departments  and  high- 
way consulting  firms.  A  comprehensive  computer  program  for  the  solution  of 
this  problem,  covering  various  loading  conditions  and  pier  configurations,  was 
converted  to  the  universal  form  and  distributed.  Many  man-years  of  effort 
were  saved  by  users,  through  adaptation  of  this  universal  program  for  pier  analy- 
sis to  the  different  types  of  computers  in  conmion  use.  At  the  same  time,  much 
earlier  use  of  the  computer  for  this  type  of  problem  was  made  possible. 

A  short  training  course  on  the  use  of  electronic  computers  for  highway  and 
bridge  engineering  computations  was  conducted  for  engineers  of  the  Eastern 
National  Forest  and  Parks  Region,  which  increased  use  of  computer  work  in 
that  region. 

Data  sheets  were  designed  to  facilitate  the  submission  of  data  for  electronic 
computations  of  a  number  of  types  of  engineering  problems.  Several  bridge 
design  computer  analyses  were  made  for  Public  Roads  offices,  demonstrating 
the  effectiveness  of  computer  methods. 

A  computer  program  was  developed  and  used  for  the  computation  of  earthwork 
quantities  for  60  miles  of  proposed  highway  in  Laos.  Electronic  computation  of 
earthwork  quantities  on  170  miles  of  the  Inter-American  Highway  in  Costa 
Rica  demonstrated  the  substantial  savings  in  time  and  manpower  possible.  These 
operations  served  as  excellent  tests  of  the  feasibility  of  obtaining  terrain  data 
for  a  highway  by  aerial  photography  in  one  part  of  the  world  and  computer- 
processing  of  the  data  in  another  part  of  the  world  with  a  minimum  of  engineer- 
ing time  on  the  proposed  highway  site. 

Equipment  development 

Public  Roads  continued  to  encourage  the  development  and  use  of  improved 
and  new  equipment  for  highway  construction,  maintenance,  and  operation. 

Some  time  ago.  Public  Roads  obtained  the  cooperation  of  equipment  manu- 
facturers and  the  U.S.  Army  Corps  of  p]ngineers  for  the  purpose  of  testing  motor 
graders  at  Fort  Belvoir,  Va.  With  the  results  of  the  tests  as  a  basis,  a  new 
Federal  interim  specification  for  motor  graders  was  completed  near  the  end 
of  the  fiscal  year  and  distributed  to  Federal  agencies.  As  a  result  of  these 
tests  some  manufacturers  have  already  made  improvements  to  their  equipment 
to  bring  them  up  to  acceptable  standards,  which  will  benefit  not  only  Federal 
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agencies  but  also  all  highway  departments  and  contractors  who  purchase  and 
use  motor  graders. 

Public  Roads  continued  to  evaluate  and  consult  with  industry  on  further  im- 
provements to  the  slip-form  concrete  paver  and,  based  upon  these  findings,  has 
promoted  the  use  of  this  paving  method.  One  improvement  consists  of  the  in- 
stallation of  an  electronic  control  device  which  automatically  guides  the  slip- 
form  paver  in  laying  the  finished  surface  on  the  proper  line  and  grade.  This 
device  has  also  been  incorporated  on  a  subgrade  planer.  The  control  device  is 
guided  by  a  piano  wire  which  has  been  set  to  line  and  grade  and  can  be  used 
successfully  for  controlling  the  subgrade  as  well  as  the  base  and  surface  courses, 
thus  eliminating  the  cost  of  restaking  for  each  operation.  Because  the  subgrade 
can  be  planed  to  a  truer  surface  with  this  new  development,  the  equipment  for 
laying  the  base  and  surface  courses  operates  on  an  even  surface  and  a  smoother 
riding  pavement  results.  A  section  of  pavement  placed  in  California  with  the 
slip-form  paver  and  checked  with  the  profilograph  showed  valuations  of  only  6 
inches  per  mile,  as  compared  with  a  variation  of  7  inches  allowed  by  the  speci- 
fications. The  results  of  these  improvements  are  an  accelerated  construction 
rate,  greater  economy,  and  improved  qualit.v.  This  automatic  electronic  con- 
trol device  was  also  available  for  motor  graders  and  in  the  near  future  it  will 
probably  be  adapted  to  bituminous  spreaders  and  other  equipment. 

Studies  made  by  Public  Roads  showed  wide  variations  in  the  requirements 
in  the  specifications  of  the  various  highway  departments  for  compaction  of 
highway  embankments  as  well  as  base  and  surface  courses.  In  this  connection, 
a  conference  was  arranged  by  Public  Roads  and  was  attended  by  representatives 
of  equipment  manufacturers,  tire  manufacturers,  the  Highway  Research  Board, 
and  national  associations  of  the  highway  industry.  The  conference  discussions 
pointed  out  that  improvements  could  and  should  be  made  in  compaction  criteria 
so  that  greater  uniformity  can  be  attained.  Work  was  progressing  toward  this 
end  on  a  continuing  basis. 

Manufacturers  were  more  active  in  holding  consultations  with  Public  Roads 
regarding  the  self-propelled  pneumatic  rollers  coming  into  wider  use  for  com- 
paction. Some  of  these  carry  an  air  tank  for  adjusting  the  pressure  in  the 
pneumatic  tires  to  meet  varying  conditions  in  compacting  highway  embank- 
ments, bases,  and  surface  courses. 

A  demonstration  of  a  new  type  of  wrecker  was  arranged  by  Public  Roads  for 
highway  and  police  oflScials.  The  wrecker,  developed  by  industry,  features  a 
sliding-tilting  bed  on  a  standard  truck  chassis  and  is  designed  to  carry  i-ather 
than  tow  disabled  vehicles.  This  type  of  equipment  should  reduce  the  hazards 
of  towing  disabled  vehicles,  particularly  at  high  speed. 

Nuclear  energy 

The  Nuclear  Energy  Branch  established  in  Public  Roads  last  year  made  an 
extensive  study  of  industrial  applications  of  nuclear  energy  in  use  by  some 
1,800  firms  and  compiled  a  list  of  26  potential  applications  for  highway  work 
which  was  presented  to  the  Atomic  Energy  Commission  for  evaluation.  In  all 
but  two  instances  the  reply  was  favorable.  In  most  cases  it  seemed  possible 
that  equipment  now  in  use  by  industry  and  commercially  available  could  be 
utilized,  with  only  slight  modification  and  a  small  amount  of  development  work. 

During  the  year  the  Michigan  State  Highway  Department  reported  that  the 
moisture  density  gage  using  radioactive  material,  which  it  had  been  testing  on 
highway  construction  projects,  had  shown  such  close  correlation  with  the  re- 
sults of  normal  tests  that  the  gage  had  been  turned  over  to  the  operating  forces 
for  use  on  highway  projects.  With  this  gage,  the  density  and  moisture  content 
in  compacted  embankments  can  be  detei-mined  in  a  fraction  of  the  time  formerly 
required  and  without  disturbing  the  compacted   surface. 
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steps  were  takeu  to  initiate  cooperative  work  witli  several  higliway  depart- 
ments and  universities  for  the  study  of  a  radioisotope  gage  to  measure  the 
thickness  of  traffic  paint,  of  a  sign  made  luminous  by  nuclear  radiation,  and 
of  a  gage  for  measuring  the  asphalt  content  and  thickness  of  portland  cement 
concrete  and  bituminous  pavements. 

Procedures  and  operations 

Studies  made  by  Public  Roads  and  others  have  shown  the  need  for  improving 
the  criteria  for  compaction  and  for  the  mixing  time  of  portland  cement  and 
bituminous  concrete  mixes.  Joint  committees  of  the  American  Road  Builders 
Association  and  the  American  Association  of  State  Highway  Officials  were  or- 
ganized for  this  purpose  and  included  Public  Roads  personnel.  Three  regional 
meetings  of  the  joint  committee  on  compaction  were  held  during  the  year. 

Public  Roads  has  noted  that  highway  department  specifications  require  mixing 
times  for  portland  cement  concrete  ranging  from  50  to  120  seconds.  Research 
mentioned  elsewhere  in  this  report  has  shown  that  mixing  beyond  60  seconds  is 
not  warranted  by  any  improvement  in  qiiality.  During  the  fiscal  year,  several 
highway  departments  revised  their  mixing  time  requirements  to  conform  more 
nearly  to  the  findings  of  research.  This  can  effect  further  economies  in  highway 
construction.  An  analysis  made  by  Public  Roads  during  the  year  showed  that 
decreasing  the  mixing  time  from  90  seconds  to  60  seconds  could  save  92  cents  per 
cubic  yard  in  the  cost  of  concrete  production. 

An  increasing  trend  continued  to  develop  in  the  use  of  end  result  specifications 
where  feasible  for  highway  construction.  This  trend  will  foster  further  econo- 
mies in  the  highway  program  by  allowing  contractors  to  use  their  ingenuity  to  a 
greater  degree  and  to  employ  the  most  modern  equipment  on  highway  projects. 

The  use  of  radio  by  highway  departments,  contractors,  material  suppliers,  and 
the  Bureau  of  Public  Roads  continued  to  expand  during  the  fiscal  year.  Through 
membership  in  the  American  Association  of  State  Highway  Officials  committee 
on  the  use  of  radio  in  highway  departments,  Public  Roads  actively  participated 
in  developing  policies  and  procedures  which  would  foster  increased  benefits  from 
radio  in  the  highway  departments. 

At  the  reqiiest  of  the  Association  of  State  Highway  Officials  of  the  North  At- 
lantic States,  Public  Roads  assisted  in  organizing  a  regional  radio  committee 
within  the  Association.  Policies  and  procedures  governing  the  coordination  of 
frequency  assignments  were  suggested  and  adopted  by  the  committee,  which  was 
actively  coordinating  the  assignment  of  frequencies  for  all  highway  departments 
within  the  North  Atlantic  States. 

The  establishment  by  the  Federal  Communications  Commission  of  a  new 
Special  Industrial  Radio  Service  with  an  allocation  of  radio  frequencies  for 
industrial  use,  has  encouraged  contractors,  material  suppliers,  and  othei'S  in  the 
highway  industry  to  take  further  advantage  of  the  benefits  of  radio  communica- 
tion in  their  operations.  The  closer  coordination  of  operations  that  is  possible 
through  use  of  radio  facilities  results  in  greater  efficiency  on  highway  projects. 

Authorizations  were  obtained  from  the  Federal  Interdepartmental  Radio 
Advisory  Committee  to  expand  Public  Roads'  own  use  of  radio  communication. 
These  cover  the  operation  of  traffic  survey  equipment,  expansion  and  conversion 
of  facilities  in  Alaska,  and  equipment  for  use  on  Federal  projects  in  the  western 
States. 

Experimental  projects 

In  cooperation  with  State  highway  departments  and  others.  Public  Roads  con- 
tinued to  sponsor  experimental  projects.  During  the  year,  240  projects  involving 
40  experimental  features  were  active.    Minimum  design  criteria  for  continuously 
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reinforced  concrete  pavements  were  established  and  the  develoi>ment  of  a  guide 
specification  for  rubberized  asphalt  was  underway. 

AASHO  Road  Test 

Previous  annual  reports  have  recorded  the  significant  facts  concerning  the 
largest  highway  research  project  ever  undertaken — the  AASHO  Road  Test  being 
conducted  near  Ottawa.  111.  The  project,  now  estimated  to  cost  $25  million,  is 
being  administered  by  the  Highway  Research  Board  for  the  American  Associa- 
tion of  State  Highway  Otticials  and  is  supported  by  the  State  highway  depart- 
ments, the  Automobile  Manufacturers  Association,  the  American  Petroleum 
Institute,  the  American  Institute  of  Steel  Construction,  the  Department  of 
Defense,  the  Bureau  of  Public  Roads,  and  other  agencies,  providing  grants  or 
contributed  services.  The  widespread  cooperation  stems  from  the  mutual  desire 
of  the  participating  agencies  to  derive  objective  answers  to  questions  concerning 
road-vehicle  relations. 

Essentially,  the  test  is  a  study  of  the  behavior  of  both  portland  cement  and 
asphaltic  concrete  road  pavements  of  different  thickness  and  layer  composition, 
and  of  bridges  of  varied  design,  when  subjected  to  traffic  of  controlled  weights 
applied  at  uniform  rates.  An  8-mile  section  of  a  four-lane  divided,  future  In- 
terstate route  in  Illinois  is  connected  by  large  turnarounds  to  form  a  series  of 
test  loops.  The  836  separate  test  sections  randomly  located  in  the  10  test  lanes 
provide  a  wide  range  of  pavement  structures  being  subjected  to  an  equally  wide 
range  of  controlled  single  and  tandem  axle  loadings.  The  entire  test  facility, 
constructed  with  precision  and  uniformity  in  keeping  with  the  major  (»l)jective 
of  directly  relating  pavement  thickness  to  load  supporting  ability,  constitutes 
an  immense  field  research  laboratory. 

At  the  close  of  the  fiscal  year,  some  800,000  axle-load  applications  had  been 
made  in  each  test  lane  and  altogether  the  test  vehicles  had  traveled  nearly  12 
million  miles  since  they  started  on  October  15,  19.58.  Initially,  test  traffic  was 
planned  for  a  period  of  2  years  and  it  was  anticipated  that  over  a  million  axle- 
load  applications  would  be  made  on  surviving  test  sections.  Early  in  the  fiscal 
year,  it  became  apparent  that  the  planned  sche<lule  would  not  meet  these  ex- 
pectations and  that  financial  considerations  would  compel  stopping  test  traflic 
on  June  30,  1960. 

As  a  result  of  recommendations  made  in  October  1959  by  a  special  AASHO 
committee,  additional  State  contributions  were  provided ;  and  in  January  1960 
a  7-day-week  sc-hedule  was  started  and  48  additional  test  vehicles  were  put  into 
operation.  Test  traffic  is  scheduled  to  end  on  November  30.  1960.  and  it  is  ex- 
pected that  total  load  applications  in  excess  of  a  million  will  have  been  attained 
in  the  2-year  period. 

While  no  conclusions  will  be  publicly  available  prior  to  final  analysis  of  the 
millions  of  items  of  recorded  behavior  data,  important  trends  were  becoming 
evident  and  it  is  readily  apparent  that  si.gnificant  findings  are  in  the  making. 
From  the  research  investment  will  come  important  new  knowledge  of  pavement 
and  bridge  behavior,  as  well  a,s  significant  contributions  to  the  art  of  highway 
design,  the  allocation  of  highway  cost  responsibility,  and  the  regulation  and 
economy  of  highway  usage. 

Highway  Planning  Research 
Traffic   volume,    classification,   and   weight    information 

Traffic  data  fr<nn  more  than  1,400  continuous-count  stations  in  all  States  and 
from  other  traffic  studies  were  analyzed  during  the  past  year.     Higliway  travel 
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increased  by  5  percent  during  tlie  year,  reestablisliing  the  general  post  World 
War  II  trend  which  had  been  retarded  during  the  previous  24  months,  with  an- 
nual increases  below  3  percent.  The  travel  increase  on  rural  roads  was  5.1 
percent,  slightly  more  than  the  5-percent  increase  on  city  streets. 

The  increased  use  of  small  passenger  cars  was  indicated  by  limited  informa- 
tion from  16  States,  which  showed  that  4  percent  of  all  passenger-car  travel 
was  by  vehicles  smaller  than  the  "standard"  American  passenger  car.  Plans 
were  made  to  obtain  more  comprehensive  information. 

Special  information  concerning  the  weights  and  dimensions  of  vehicles  was 
collected  by  the  States  and  analyzed  as  part  of  the  annual  truck  weight  survey. 
This  additional  information  was  obtained  for  use  by  the  American  Association  of 
State  Highway  Officials  in  formulating  a  revised  policy  concerning  maximum 
sizes  and  weights. 

The  reliability  of  the  rate  of  change  of  traffic  volumes  on  rural  roads  was 
tested  by  statistical  methods  in  three  States.  The  efficiency  of  traffic  counting 
operations  in  four  States  was  tested  statistically,  in  a  continuing  stud.v  of  im- 
provement of  traffic  counting  procedures. 

A  comprehensive  analysis  of  the  distribution  of  truck  weights  with  relation  t;> 
average  weights  of  axles  and  vehicles  for  different  truck  types  was  initiated  in 
two  States  and  a  similar  study  was  continued  in  a  third  State.  As  a  result  of 
these  studies  reduction  of  effort  in  obtaining  weight  information  may  be  possible 
in  future  opei'ations.  Indications  were  found  that  the  truck  weight  characteris- 
tics on  the  Interstate  System  can  differ  significantly  from  those  on  other  State 
highways. 

An  appraisal  of  peak  hourly  traffic  volumes  with  relation  to  truck  movements 
was  begun  in  one  State  and  statistical  evaluation  of  urban  truck  weight  charac- 
teristics was  initiated  in  another. 

Intensive  studies  of  traffic  characteristics  were  begun  in  New  York  City,  in  co- 
operation with  the  State  and  the  city. 

Numerous  origin  and  destination  studies  of  the  multiple  screenline  type  were 
made  by  the  State  highway  departments  to  provide  information  for  estimating 
traffic  volumes  for  the  various  sections  of  the  Interstate  System. 

Motor-vehicle-use   studies 

Twenty-four  States  had  finished  field  work  on  motor-vehicle-nse  studies, 
and  analyses  were  almost  completed.  These  statewide  studies  provide  informa- 
tion about  the  characteristics  of  motor-vehicle  ownership  and  use  such  as  dis- 
tribution of  vehicle  travel  by  highway  systems  used,  density  of  motor-vehicle 
ownership,  passenger-car  travel  classified  according  to  purpose,  and  methods 
of  transportation  used  by  workers  for  home-to-work  travel. 

Data  available  from  19  States  showed  that  one-fourth  of  all  licensed  drivers 
were  30-39  years  of  age  and  an  additional  one-fifth  were  40-49  years  of  age. 
Seventy-eight  percent  of  all  males  and  39  percent  of  all  females  of  legal  driving 
age  had  drivers'  licenses. 

Two-thirds  of  all  workers  who  traveled  to  work  used  private  automobiles,  and 
15  percent  used  public  transportation.  Approximately  one-eighth  of  all  workers 
walked  to  work.  Among  workers  in  personal-service  businesses,  however,  one- 
fourth  of  the  total  walked  to  work.  The  proportion  walking  to  work  varied 
among  other  occupational  groups  from  a  low  of  4  percent  for  traveling  salesmen 
to  15  percent  for  semiskilled  and  unskilled  laborers. 

Road  inventory  and  mapping 

Information  showing  improvement  of  individual  road  sections  together  with 
changes  of  roadside  culture  on  rural  roads  was  brought  up  to  date  by  34  States, 
the  District  of  Columbia,  and  Puerto  Rico  through  the  continuation  of  road  in- 
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ventory  operations.  Similar  information,  but  with  lesser  detail  of  cultural  fea- 
tures, was  obtained  for  the  street  system  in  incox'porated  places  in  many  of  these 
States.  These  data  are  used  in  studies  of  highway  deficiencies  and  in  highway 
planning  and  administration. 

During  the  year,  789  county  general  highway  and  traffic  maps  were  revised  or 
redrawn  by  the  States  under  the  cooperative  highway  planning  program.  Other 
mapping  activities  included  the  preparation  of  41  State  general  highway  and 
traffic  maps  and  32.5  similar  maps  of  incorporated  places. 

Highway  statistics 

During  the  year,  the  fourteenth  annual  edition  of  Highway  Statistics  (for 
1958)  was  published.  This  annual  volume  includes  comprehensive  information 
on  motor-vehicle  registration,  motor-fuel  consumption,  highway-user  taxation, 
highway  finance,  mileage  of  highways,  and  related  information. 

Progress  was  made  in  obtaining  better  information,  for  administrative  and 
legislative  use,  on  revenues  and  expenditures  for  highways  of  all  levels  of  gov- 
ernment. A  study  of  the  application  of  sampling  techniques  to  the  collection  of 
local  government  highway  statistics  was  begun  during  the  year.  AVork  was  neai'- 
ing  completion  on  a  historical  bulletin  of  local  city  street  finance. 

Traffic  studies  in  cities 

Comprehensive  home  interview  studies  of  travel  and  vehicle  use  were  started 
in  18  cities,  bringing  the  total  of  such  studies  to  158,  of  which  23  were  repeat  sur- 
veys. Continuing  studies  were  underway  in  Chicago,  Detroit,  and  Washington 
and  agreement  was  reached  to  place  the  Pittsburgh  study  on  a  continuing  basis. 
In  addition,  numerous  external  origin  and  destination  studies  around  smaller 
cities  were  conducted. 

Urban  highway  planning  and  research 

Research  during  the  year  was  directed  toward  developing  procedures  for  a 
rational  process  of  preparing  comprehensive  urban  transportation  plans  ;  in  par- 
ticulai',  the  development  of  improved  procedures  for  estimating  the  future  travel 
demands  of  our  ever  expanding  urban  areas. 

A  study  completed  during  the  year  of  traffic  generated  by  a  regional  shopping 
center  provided  information  on  the  amount  and  characteristics  of  travel  that 
can  be  expected  at  such  a  traffic  generator.  Another  study,  based  on  traffic 
data  from  193  cities,  analyzed  the  destinations  of  traffic  approaching  cities  and 
provided  information  useful  to  the  planning  of  major  highway  facilities  in  and 
around  urban  areas. 

Research  to  determine  the  relation  between  the  sampling  rates  of  home- 
interview  origin  and  destination  surveys  and  the  accuracy  of  traffic  volumes 
accumulated  from  such  surveys  was  completed,  using  the  1957  Phoenix-Maricopa 
County,  Ariz.,  traffic  study  as  a  base.  The  results  indicate<l  that  a  larger  sam- 
ple is  needed  to  obtain  the  desired  accuracy  in  accumulatefl  trip  volumes  than 
would  be  inferred  from  a  purely  theoretical  approach.  However,  the  results 
agreed  qualitatively  with  theoi-y  in  that  the  accuracy  varies  with  the  square 
root  of  sample  size  and  very  nearly  with  the  square  root  of  volume.  The  re- 
sults should  aid  in  the  selection  of  a  sample  rate  for  such  studies  commensurate 
with  funds  available  and  the  degree  of  accuracy  required.  As  part  of  this  re- 
search, an  electronic  computer  program  was  developed  for  tracing  trips  across 
a  grid  of  screenlines  and  accumulating  these  trips  on  one-qnarter-mile  sections 
of  the  screenlines. 

The  1957  Phoenix-Maricopa  survey  data  were  also  used  to  determine  the  dis- 
tribution of  trip  ends  by  mode  of  travel  and  trip  purpose.  In  addition,  trip  ends 
for  each  travel  mode  and  puriiose  were  correlated  with  area,  dwelling  units, 
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population,  employment,  retail  sales,  and  automobiles  owned.  These  correla- 
tions provide  equations  from  which  trip  ends  may  be  estimated,  using  the  six 
factors.  Results  indicated  that  this  method  for  predicting  trip  ends  is  only 
valid  for  a  rough  approximation  and  that  the  characteristics  of  automobiles 
owned,  population,  dwelling  units,  and  employment  provide  the  major  deter- 
minants of  trip  estimation.  In  addition,  the  data  showed  that  automobile 
driver  trip  ends  can  be  estimated  at  least  as  accurately  as  total  person  trip  ends. 

In  research  on  the  use  of  automobile  and  transit  in  urban  areas,  an  elec- 
tronic computer  regression  analysis  program  was  tested ;  and  work  was  in  prog- 
ress on  applying  this  program  to  the  use  of  those  two  transportation  modes  in 
subdivisions  of  urban  areas. 

The  electronic  computer  program  developed  by  Public  Roads  for  assigning 
traffic  to  an  urban  highway  network,  to  predict  probable  usage  of  street  and 
highway  facilities,  was  used  during  the  year  in  numerous  cities,  including  Wash- 
ington, Columbus,  Minneapolis-St.  Paul,  El  Paso,  Topeka,  and  Nashville.  In  ad- 
dition to  determining  the  probable  traffic  volumes  on  proposed  new  facilities, 
planning  agencies  were  finding  that  the  assignment  program  is  a  useful  tool  in 
selecting  the  locations  of  new  facilities.  The  program  was  originally  written 
to  assign  24-hour  traffic  nondirectionally,  but  has  been  modified  to  allow  a  direc- 
tional assignment  as  well  as  assignment  of  traffic  for  morning  and  afternoon 
peak  hours  and  offpeak  hours.  A  procedure  was  developed  for  taking  into  ac- 
count prohibition  of  any  or  all  turns  at  intersections  as  desired.  Also,  the 
origin  and  destination  of  all  trips  assigned  to  a  particular  section  of  a  highway 
system,  such  as  a  bridge  or  ramp,  can  be  determined.  The  resulting  information 
is  so  summarized  that  weaving  movements  are  readily  available. 

The  Fratar  method  for  estimating  the  future  distribution  of  trips  throughout 
an  area  was  programed  for  a  large  high-speed  computer.  The  progi'ani  can  han- 
dle up  to  1,000  zones.  As  an  example  of  the  spee<l  of  the  program,  the  future 
distribution  of  trips  for  a  city  with  371  zones  was  obtained  in  36  minutes  at  a 
computer  cost  of  approximately  $125. 

Two  major  urban  research  projects  were  initiated  during  the  past  year.  The 
first,  utilizing  information  collected  by  a  special  survey  conducted  in  the  Pitts- 
burgh metropolitan  area,  was  designed  to  test  several  interarea  traffic  models 
and  to  develop  fornuilas  which  can  be  used  to  synthesize  the  zone-to-zone  move- 
ment of  traffic  within  urban  areas.  This  study  will  provide  a  positive  evaluation 
of  several  procedures  now  being  used  to  estimate  urban  traffic  movement. 

The  second  project  was  an  analysis  to  determine  the  relations  which  exist 
between  travel  characteristics  and  socio-economic  factors  such  as  income,  sex, 
age,  race,  occupation,  and  density.  These  relations  will  be  established  for  15  to 
20  cities  throughout  the  country  which  have  had  recent  comprehensive  origin 
and  destination  surveys.  In  addition,  in  those  cities  with  repeat  surveys,  these 
relations  will  be  developed  for  the  two  time  periods.  A  comparative  study  of 
the  developed  relations  will  determine  their  usefulness  for  estimating  urban  traf- 
fic and  thereby  form  the  basis  of  developing  impi-oved  traffic  estimating  proce- 
dures. 

Preliminary  investigations  were  made  in  the  field  of  urban  land  use  forecast- 
ing and  tentative  arrangements  were  made  for  a  research  project  designed  to 
isolate  and  measure  the  effect  of  the  major  determinants  of  urban  land  use. 

Throughout  the  year,  staff  assistance  was  provided  by  Public  Roads  to  the 
Joint  Committee  on  Highways  of  the  American  Municipal  Association  and  the 
American  Association  of  State  Highway  Officials.  This  committee  has  been  in- 
strumental in  promoting  cooperation  between  State  and  local  agencies  for  the 
joint  preparation  of  plans  for  urban  highways  and  urban  development.     Staff 
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assistance  was  also  providetl  to  the  AASHO  special  subcommittee  on   Urban 
Transportation  Planning  and  to  the  National  Association  of  County  Engineers. 

Traffic  Operations  Research 

Highway  capacity  research 

Research  studies  of  urban  arterial  traflSc  operations  continued.  Analyses  were 
completed  in  the  study  of  Wisconsin  Avenue  in  Washington,  D.C.,  and  a  report 
was  being  prepared,  describing  how  substantial  capacity  increases  can  be  obtained 
on  many  existing  arterial  streets  by  the  coordinated  use  of  known  traffic  engi- 
neering techniques  which  now  are  often  employed  piecemeal. 

Computer  analyses  of  the  intersection  capacity  data  from  1,100  heavily  used 
approaches  were  completed,  producing  a  single  intersection  capacity  pretliction 
equation.  Refinement  of  this  equation,  and  possible  conversion  to  a  series  of 
equations  applying  to  certain  specific  conditions,  was  underway. 

Collection  of  field  data  for  a  nationwide  freeway  ramp  capacity  study  was 
underway  at  the  close  of  the  year  and  analysis  was  scheduled  to  start  late  in 
1960.  The  importance  of  this  study  is  demonstrated  by  observations  of  an 
AASHO  special  committee  that  most  traffic  difficulties  occurring  on  freeways 
originate  in  design  problems  at  interchanges. 

Human  factors  research 

A  study  was  completed  during  the  year  of  driver  tension  responses  as  a  meas- 
ure of  the  characteristics  of  different  types  of  highways.  The  galvanic  skin 
reflexes  of  the  driver  of  an  automobile,  recorded  from  wires  attached  to  his 
hand,  were  related  by  an  observer  to  the  traffic  incidents  that  caused  the  driver 
to  react.  It  was  found  that  one  of  two  parallel  urban  routes  was  more  "com- 
fortable" for  the  driver  and  this  might  well  dictate  his  choice  of  routes.  It  was 
also  demonstrated  that  a  controlled-access  highway  induced  only  one-third  to 
one-fifth  as  much  tension  for  the  driver  as  an  urban  street,  and  about  one-half  as 
much  as  a  parallel  non-controlled-access  highway. 

A  program  of  research  was  started  on  the  needs  and  techniques  for  driver-to- 
driver  communication.  A  preliminary  study  was  conducted  to  determine  the  ef- 
fect of  knowledge  of  proposed  maneuvers  of  a  vehicle  on  the  behavior  of  the 
following  car.  The  lead  car  was  equipped  with  a  series  of  signal  lights  by  which 
the  driver  could  indicate  his  intentions  to  the  driver  of  the  following  car.  The 
headway  distance  between  cars  was  measured  both  when  the  following  driver 
knew  what  change  in  speed  was  to  occur  in  the  lead  car  and  when  it  was  to  take 
place,  and  when  the  folloAving  driver  had  no  information.  The  results  indicated 
that  when  signals  were  used  the  average  distance  headway  was  reduced  by  about 
a  third. 

Highway  ilhiniination 

Public  Roads,  in  cooperation  with  the  Connecticut  State  Highway  Department, 
completed  a  study  of  the  effects  of  illumination  and  delineation  on  the  Connec- 
ticut Turnpike.  Driver  behavior  was  observed  under  various  conditions  of 
highway  illumination  and  delineation  at  a  heavily  traveled  interchange.  In 
addition,  accident  data  on  the  53-mile  illuminated  section  and  the  77-mile  non- 
illuminated  section  of  the  turnpike  were  compared.  The  study  showed  no 
significant  differences  with  respect  to  average  vehicle  speeds,  lateral  placements, 
and  clearances  between  vehicles,  under  the  various  conditions  of  illumination 
and  delineation.  The  manner  of  night  usage  of  speed  change  lanes,  particularly 
the  acceleration  lane,  improved  with  increased  illumination.  In  general,  it  ap- 
peared that  some  benefit  resulted  from  full-level  illumination  in  the  deceleration 
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area,  and  that  even  greater  benefit  occurred  when  illumination  was  combined 
with  roadside  delineation.  Illumination  of  the  interchange  area  only  did  not 
appear  to  be  advantageous  insofar  as  the  access  ramp  was  concerned.  The 
Importance  of  delineation,  with  or  without  illumination,  was  demonstrated. 

Motor-vehicle  accident  studies 

Studies  of  the  economic  cost  of  motor-vehicle  accidents  were  completed  in 
Massachusetts  during  the  fiscal  year  and  were  nearing  completion  in  New  Mexico 
and  Utah.  A  study  was  also  underway  in  Illinois.  These  studies,  conducted  by 
the  States  with  Public  Roads  cooperation,  encompass  the  driving  experience  of 
all  motor-vehicle  owners  in  their  operation  of  passenger  cars  and  trucks  during 
1  year,  and  provide  a  mass  of  data  relating  accidents  and  their  costs  to  high- 
way systems,  trafiic  volumes,  road  conditions,  age  and  sex  of  drivers,  type  and 
age  of  vehicles,  light  and  weather  conditions,  etc.  The  results  help  pinpoint 
the  major  factors  contributing  to  the  sizable  economic  losses  resulting  from  mo- 
tor-vehicle accidents.  During  the  fiscal  year,  three  reports  on  the  results  of  the 
Massachusetts  accident  cost  study  were  completed  and  a  fourth  compared  the 
Utah  and  Massachusetts  data. 

During  the  year  Public  Roads  developed  a  procedure  manual  for  accident  re- 
search studies  on  the  Interstate  System  and  invited  the  State  highway  depart- 
ments to  undertake  such  studies.  Two  forms  of  study  were  planned :  one  to 
compare  accident  rates  for  completed  sections  of  the  Interstate  System  with 
nearby  existing  highways  selected  as  control  sections ;  and  the  other  to  relate 
accident  experience  to  various  geometric  design  elements. 

Dynamic  characteristics  of  vehicle  loads 

Public  Roads,  in  two  cooperative  research  projects,  undertook  the  first  steps 
in  developing  a  dynamic  theory  in  road  loading  mechanics  which  will  ijermit  the 
prediction  of  road  life  from  the  characteristics  of  traffic  flow,  and  which  will 
indicate  the  effect  on  road  life  of  changes  in  vehicle  suspensions  and  in  other 
elements  of  the  system.  A  complete  analysis,  properly  relating  the  dynamic  and 
static  performance  factors  of  both  vehicle  and  road,  and  utilizing  high-speed  com- 
puter programs,  is  envisioned.  A  project  at  Purdue  Research  Foundation,  using 
the  experimental  approach,  investigated  frequency  response  of  a  few  passenger 
cars  to  determine  the  effect  of  pavement  profile  upon  the  nature  of  ride  obtained 
and  the  relative  magnitude  of  wheel  loads  imposed  upon  the  road.  A  project 
at  the  Cornell  Aeronautical  Laboratory,  using  the  theoretical  approach,  developed 
preliminary  mathematical  models  of  a  typical  vehicle  and  of  a  road.  A  necessary 
future  step  in  the  overall  program  will  be  experiments  to  confirm  the  theory  or 
to  modify  the  theory  to  fit  experimental  data. 

Motor-vehicle  economics  studies 

A  study  was  continued  to  determine  the  optimum  economic  size  and  weight 
limitations  for  commercial  motor  vehicles  and  to  estimate  the  changes  in  highway 
freight  movement  that  might  be  caused  by  the  adoption  of  these  limitations. 
One  phase  of  this  study,  nearing  completion,  related  changes  in  vehicular  oper- 
ating costs  and  changes  in  gross  weights  of  tractor-trailer  combinations.  An- 
other phase  of  the  study,  comparing  gross  vehicle  and  axle  weights  with  the 
costs  of  constructing  and  maintaining  highways,  was  being  developed. 

Research  was  continued,  in  connection  with  the  highway  cost  allocation  study, 
to  establish  the  differential  road-user  benefits  resulting  from  improvement  of  the 
various  rural  and  urban  highway  systems.  A  computer  program  was  developed 
for  analysis  of  road  improvement  data  received  from  the  States.  Additional 
fuel  and  travel-time  data  were  obtained  from  tests  completed  on  buses  and  heavy 
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freight  trailer  combinations  by  the  University  of  Washington  for  the  Bureau  of 
Public  Roads  and  the  Washington  State  Highway  Commission.  Similar  tests 
of  passenger  cars  and  light  trucks  were  conducted  by  Public  Roads. 

Brake   research 

In  a  comprehensive  study  of  emergency  braking  systems  for  combinations  of 
commercial  motor  vehicles,  undertaken  by  Public  Roads  for  the  Interstate  Com- 
merce Commission,  road  tests  were  completed  and  laboratory  tests  were  nearly 
finished  during  the  fiscal  year.  Tests  of  system  components  on  vehicles  in  service 
were  to  be  started  soon.  The  study,  aimed  at  resolving  controversies  concerning 
the  safeguards  in  motor-vehicle  braking  systems  necessary  to  prevent  "runaway" 
accidents,  had  industry  participation  and  advice  and  assistance  of  an  advisory 
committee  to  the  ICC. 

Manual  on  Uniform  Traffic  Control  Devices 

A  major  project  during  the  year  was  the  comprehensive  revision  of  the  Manual 
on  Uniform  Traffic  Control  Devices,  to  which  Public  Roads  made  a  large  con- 
tribution in  staff  services.  Prepared  by  a  joint  committee  representing  a  number 
of  national  organizations  concerned  with  traffic  control  and  safety,  the  revised 
manual,  like  its  predecessors,  will  be  published  by  Public  Roads,  to  be  the  official 
standard  for  Federal-aid  highways.  In  addition  to  a  general  updating  of  the 
current  standards,  the  new  manual,  for  the  first  time,  will  include  specifications 
for  the  signing  of  expressways,  control  of  traffic  through  construction  and  main- 
tenance sites,  and  emergency  civil  defense  signing. 

Highway  Needs  and  Economy  Research 

Construction  and  maintenance  methods 

An  extensive  cooperative  study  in  Iowa  of  equipment  use  and  performance, 
work  methods,  and  workloads  in  State  highway  maintenance  was  started  early 
in  the  fiscal  year.    The  field  study  of  work  performance  will  run  a  full  year. 

Research  was  continued  on  the  drying  of  aggregates  for  bituminous  admix- 
tures, using  a  scale-model  dryer  at  Ohio  State  University.  Experimental  tests 
will  be  made  of  production  model  equipment  under  field  operating  conditions. 

A  3()-minute  motion  picture,  Dual-Drum  Paver  Productivity,  was  completed 
and  distributed  to  highway  construction  and  engineering  groups.  This  film 
shows  in  action  scenes  why  concrete  paver  production  rates  ranged  from  low 
on  some  jobs  to  high  on  others.  Simultaneous  views  contrasting  fast  and  medi- 
ocre batch-truck  dumping  performance  at  the  paver  skip  effectively  highlight 
one  of  the  major  causes  of  slow  production  by  the  paver. 

Field  tests  were  made  of  a  newly  constructed  recording  device  which  auto- 
matically measures  the  elapsed  time  of  certain  cycle  elements  on  a  dual  drum 
paver.  Job  site  studies  of  equipment  performance  were  made  on  15  construction 
projects.  Among  these  were  two  on  the  new  triple-drum  paver  introduced 
in  1959. 

Highway  management  studies 

Approximately  G,30t)  questionnaire  forms  for  a  census  of  highway  engineering 
employment  were  distributed  to  highway  departments  of  States,  counties,  cities. 
and  special  authorities,  and  to  consulting  engineers.  About  .S5  percent  of  the 
questionnaires  had  been  returned  and  were  being  tabulated. 

Assistance  was  provided  the  National  Association  of  County  Engineers' 
research  program  on   methods   of  county  road  management    in   formulating  a 
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procedural  manual  for  the  preparation  of  long-range  county  road  improvement 
programs.  The  final  draft  of  the  manual  was  in  preparation  and  a  method  of 
priority  analysis,  for  inclusion  in  the  manual,  was  field  evaluated  in  counties 
of  several  States. 

The  pilot  study  in  the  Wisconsin  State  Highway  Commission  to  investigate 
the  cause  and  effect  of  factors,  internal  and  external,  on  the  production  of  the 
engineering  plans  for  construction  projects,  was  continued.  All  delays  were 
to  be  analyzed  and  classified,  flow  charts  prepared,  and  all  policies  and  pro- 
cedures relating  to  the  production  of  plans  were  to  be  cataloged. 

Highway  cost  studies 

In  connection  with  the  study  of  the  economics  of  motor-vehicle  sizes  and 
weights,  work  was  undertaken  to  determine  the  cost  to  construct  highway  facili- 
ties of  different  levels  of  structural  capacities  for  various  sizes  and  gross  weights 
of  commercial  motor  vehicles. 

Annual  capital  highway  costs  for  1975  were  computed  for  each  of  the  12  high- 
way systems  for  unsurfaced,  low,  intermediate,  and  high-type  surfaces.  These 
costs  were  computed  at  0  and  5  percent  interest  rates  of  capital  recovery. 
Annual  ownership  costs  per  vehicle-mile  were  also  determined  for  the  12  high- 
way systems. 

Research  in  highway  economics  and  finance 

Research  in  connection  with  the  highway  cost  allocation  study  was  concerned 
primarily  with  the  allocation  of  highway  costs  between  users  and  nonusers 
according  to  the  relative  use  and  earnings-credit  theories,  and  among  various 
types  of  users  according  to  the  ton-mile  theory. 

Investigations  of  the  characteristics  of  motor-vehicle  ownership  and  use 
included  studies  of  the  motor-fuel  consumption  characteristics  of  privately 
owned  passenger  cars,  which  were  initiated  in  several  States ;  ,and  a  nationwide 
automobile  use  study  conducted  for  Public  Roads  by  the  Bureau  of  the  Census. 

An  analysis  was  completed  of  the  relation  of  the  Interstate  System  to  standard 
metropolitan  statistical  areas  as  indicated  by  the  lO.jO  and  IDtiO  censuses. 

Highway  and  Land  Administration  Research 

Economic  impact  studies 

For  use  in  connection  with  route  planning,  land  acquisition,  highway  design, 
highway  hearings,  public  relations,  and  other  activities,  highway  officials  were 
conducting  research,  in  cooperation  with  Public  Roads,  on  the  economic  and 
social  impact  of  highway  improvements  in  urban  and  rural  communities.  These 
studies  were  concerned  with  evaluation  of  the  effects  of  highway  improvements 
on  land  value  and  land  use,  with  attention  to  such  subjects  as  interchange  points, 
central  business  districts,  public  services,  and  tax  bases.  During  the  fiscal  year, 
11  studies  were  completed,  bringing  the  total  to  75  studies  completed  in  2-1 
States,  plus  9  studies  nationwide  in  scope.  Segments  of  broad  socio-economic 
studies  in  two  States,  and  three  nationwide  studies,  were  also  completed.  At 
the  end  of  the  year  43  studies  were  in  progress  in  35  States,  plus  5  nationwide 
research  projects  ;  12  of  these  were  started  during  the  year. 

During  the  year  Public  Roads  developed  and  distributed  a  guide  for  highway 
impact  studies,  for  use  in  the  planning  and  conduct  of  studies  of  the  economic 
impact  of  highway  improvements. 

Interchange  studies. — Studies  of  the  problem  of  land  development  and  land 
use  control  at  highway  interchanges  and  approach  areas  were  started  during  the 
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year  in  several  States,  and  a  study  in  this  area  was  completed  at  the  University 
of  Washington.  Another  study  was  undertaken  on  the  relations  between  high- 
way interchanges  and  approaches  and  adjacent  land  development  for  commex'cial, 
industrial,  and  residential  purposes ;  demand  by  highway  users  for  goods  and 
services ;  and  the  prevailing  competition  for  highway  approaches. 

Central  business  (listricts. — Two  studies  wei'e  undertaken  to  evaluate  effects 
of  urban  highway  improvements  on  central  business  districts.  A  study  com- 
pleted at  the  University  of  Washington  evaluated  a  representative  number  of 
city  centers.  A  pilot  study  underway  at  Clark  University  based  principally  on 
Jand-use  mapping,  sought  methods  of  determining  land  use  and  central  business 
district  changes. 

Right-of-way   research 

With  increasing  attention  to  highway  right-of-way  costs,  a  number  of  States, 
with  Public  Roads  assistance,  undertook  studies  of  severance  damages  and 
partial  takings  during  the  year.  Generally  these  were  case-history  analyses  of 
parcels  along  a  given  highway  route,  comparing  damages  paid  for  partial  takings 
with  sales  of  the  remainder  properties  after  the  highway  improvement  was 
completed.  Studies  were  underway  in  18  States.  As  an  aid  to  such  studies, 
Public  Roads  developed  a  form  for  recording  pertinent  information. 

A  short  report  on  the  purposes  and  experience  in  the  use  of  photogrammetry 
for  highway  land  acquisition  purposes  was  published  during  the  year. 

In  cooperation  with  the  American  Association  of  State  Highway  Officials,  a 
study  of  liaison  between  utilities  and  highway  departments  was  commenced,  in 
an  effort  to  determine  weaknesses  and  causes  of  delays  when  utilities  must  be 
moved  because  of  highway  improvements. 

A  study  of  present  practices  in  the  preparation  and  format  of  maps  and 
plats  for  right-of-way  acquisition  purposes  was  conmienced,  with  a  view  to 
suggesting  improvements. 

In  cooperation  with  the  American  Bar  Association,  a  review  and  analysis  of 
all  court  decisions  pertaining  to  condemnation  of  land  for  public  purposes  made 
during  the  year  was  completed.  Also  in  cooperation  with  the  American  Bar 
Association,  a  study  of  the  use  of  the  pretrial  procedure  in  condemnation  cases 
was  started. 

Work  on  a  comprehensive  right-of-way  training  manual  continued,  and  as- 
sistance was  given  to  State  highway  departments  in  the  development  of  training 
programs  for  right-of-way  personnel. 

Highway  administration  research 

In  cooperation  with  a  Highway  Research  Board  committee,  revision  and  up- 
dating of  two  previous  publications  of  the  Board  were  completed  :  One  contains 
the  State  highway  department  organization  charts ;  the  other  discusses  the  vari- 
ous types  of  State  highway  administrative  organization  and  complementary 
provisions,  such  as  qualifications,  tenure,  and  method  of  appointment  of  officials. 

A  tabulation  of  the  directing  organizations  of  State  highway  departments  and 
the  terms  of  office  and  salaries  of  officials  was  revised  as  of  July  1959. 

A  study  was  completed  on  the  position  of  utilities  engineers  in  the  State 
highway  department  administrative  organizations. 

Highway  laws 

Analyses  of  intergovernmental  relations  and  State  constitutional  provisions 
were  published  as  part  of  the  broad  study  of  highway  law  in  which  Public 
Roads,  the  American  Association  of  State  Highway  Officials,  and  the  Highway 
Research  Board  were  cooperating.  Reports  on  contracts  and  further  analyses 
of  property  condemnation  were  prepared  for  publication. 
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Research  was  conducted  and  three  reports  were  prepared  on  the  application 
of  police  power  regulations  and  community  planning  controls  to  highway  trans- 
jjortation  problems. 

Hydraulic  Research 

A  study  of  peak  rates  of  flow  from  small  watersheds,  approaching  completion, 
will  supply  vitally  needed  information  to  highway  engineers  who  must  anticipate 
the  quantities  of  stormwater  that  culverts  and  small  bridges  must  carry. 

Colorado  State  University,  with  Public  Roads  participation,  completed  a 
study  providing  methods  for  estimating  peak  floods  on  streams  in  Eastern 
Colorado  and  adjacent  areas. 

Research  on  stormwater  flow  from  urban  areas  in  Baltimore  continued  at 
The  Johns  Hopkins  University,  in  a  project  jointly  sponsored  by  Public  Roads, 
the  City  of  Baltimore,  and  Baltimore  County. 

A  basic  study  on  the  hydrodynamics  of  curb-opening  inlets  for  storm  sewers 
was  being  conducted  by  Stanford  University  for  Public  Roads. 

An  experimental  investigation  of  the  flow  capacity  of  corrugated  structural 
plate  metal  pipe  with  2-inch  corrugations  was  underway  at  the  Waterways  Ex- 
periment Station,  Vicksburg,  as  a  joint  project  of  the  Corps  of  Engineers  and 
Public  Roads.  No  previous  work  with  this  type  of  pipe,  commonly  used  for 
large  culverts,  has  ever  been  done. 

Studies  were  completed  on  capacity  of  concrete  pipe  of  two  distinct  types. 
The  research  was  conducted  by  the  University  of  Minnesota's  St.  Anthony 
Falls  Hydraulic  Laboratory  for  Public  Roads  and  the  Florida  State  Road  Com- 
mission.    Effect  of  poor  joints  was  evaluated  for  the  flrst  time. 

The  National  Bureau  of  Standards  had  almost  completed  an  intensive  investi- 
gation for  Public  Roads,  aimed  at  improving  hydraulic  capacity  of  pipe  culverts 
by  modifying  their  entrances.  A  great  deal  of  signiflcant  data  leading  to  more 
economical  culvert  installations  has  been  developed.  Attention  was  being  di- 
rected to  improvement  of  box  culvert  flow  characteristics. 

A  motion  picture.  Introduction  to  Hightvay  Hydraulics,  using  models  and 
actual  scenes,  was  produced  during  the  year  and  was  widely  exhibited  to  high- 
way departments  and  others. 

Laboratory  studies  on  scour  around  bridge  piers  and  abutments  were  con- 
cluded at  Colorado  State  University.  A  preliminary  investigation  of  the  use 
of  spur  dikes  to  lessen  vulnerability  of  bridges  to  damage  by  scour  was  also 
completed.  The  university  was  also  completing  a  study  on  scour  at  the  outlet 
of  culverts.     These  projects  were  sponsored  by  Public  Roads. 

A  seminar  conducted  at  Washington  for  hydraulic  engineers  from  field  ofl^ces 
was  devoted  primarily  to  problems  associated  with  relocation  of  natural  chan- 
nels. Such  relocations  are  becoming  very  common  because  of  requirements 
of  the  Interstate  System  and  other  controlled-access  divided  highways. 

Physical  Research 

Soils,  foundations,  and  flexible  pavement  studies 

The  development  of  laboratory  and  field  methods  of  measuring  the  physical 
characteristics  and  condition  of  soil  materials  more  rapidly  and  eflSciently  is 
necessary  in  order  that  highway  construction  operations  will  not  be  delayed. 
Extensive  laboratory  evaluation  and  limited  use  in  highway  earthwork  control 
tests  have  indicated  that  a  device  involving  the  reaction  of  calcium  carbide  with 
moisture  can  be  used  to  measure  the  moisture  content  of  soil  materials  within 
a  few  minutes.  Laboratory  and  field  evaluation  of  equipment  utilizing  radio- 
active materials,  detectors,  and  counting  devices  for  measuring  the  moisture 
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content  and  density  of  soils  was  continued  in  cooperative  studies  in  Colorado, 
Maine,  North  Carolina,  and  Ohio.  Similar  nuclear  equipment  was  being  evalu- 
ated and  modified  for  use  in  measuring  the  density  and  asphalt  content  of  bi- 
tuminous pavements  in  a  cooperative  study  in  Arizona. 

A  lightweight,  single-channel  seismic  device  was  being  evaluated  for  determin- 
ing geologic  conditions  and  depth  to  bedrock.  Field  studies  with  electrical  resis- 
tivity equipment  were  conducted  to  determine  its  usefulness  in  identifying 
geologic  conditions  beneath  bodies  of  water  and  in  evaluating  landslide  condi- 
tions. Demonstrations  and  instruction  in  the  use  of  geophysical  equipment  in 
subsurface  investigations  were  made  in  five  States. 

Laboratory  study  of  a  patented  chemical  powder  showed  that  it  was  effective 
in  stabilizing  fine-grained  .soils.  Laboratory  tests  were  made  to  determine  the 
optimum  amount  of  tlie  chemical  powder  and  of  phosphoric  acid  required  for 
stabilizing  soils  obtained  from  sites  in  Maryland  and  South  Dakota  where  full- 
scale  experimental  stabilized-subgrade  sections  are  planned. 

Systematic  identification  of  clay  minerals  in  soils  of  the  United  States  was 
extended  to  several  counties  in  various  States.  Preparation  of  a  report  on  an 
intensive  study  of  the  properties  of  soils  of  Fairfax  County,  Va.,  was  begun. 
Basic  studies  were  undertaken  concerning  clay-organic  complexes  and  soil 
chlorite. 

Cooperative  aggregate  surveys,  in  which  effective  use  is  made  of  aerial 
photographs,  soil  and  geologic  maps  and  reports,  and  electrical  resistivity  appara- 
tus, were  underway  in  10  States  and  an  aggregate  survey  for  the  Interstate 
route  in  another  State  was  completed.  Studies  in  cooperation  with  four  States 
for  the  development  of  soil  maps  and  reports  for  engineering  pui'poses  were 
continued  and  a  similar  study  was  started  in  a  fifth  State.  An  aerial  photo- 
graphic study  was  made  of  alternate  routes  for  a  proposed  50-mile  highway  in 
Alaska,  followed  by  a  field  reconnaissance  of  the  selected  route. 

The  cooperative  program  with  the  Soil  Conservation  Service  was  continued. 
Twenty-eight  State  highway  departments  were  cooperating  by  testing  soil  samples 
and  preparing  information  for  the  engineering  section  of  the  soil  survey  reports. 
Public  Roads  received  for  testing  1.232  soil  samples  from  G2  counties  in  29 
States;  correlated  the  test  data  from  State  laboratories  for  1,01(3  soil  samples 
from  50  other  counties ;  and  reviewed  for  technical  adequacy  the  engineering 
sections  for  18  county  soil  survey  reports. 

Technical  assistance  regarding  analysis  and  design  of  foundations  on  soil  was 
given  to  nine  State  highway  departments.  Change  in  design  plans  as  a  result 
of  this  assistance  saved  over  $1  million  in  construction  funds. 

The  rapid  increase  in  traffic  in  all  States  and  awareness  that  extensive  pave- 
ment performance  data  would  soon  be  available  from  the  AASHO  Road  Test 
led  many  State  highway  departments  to  consider  a  reevaluation  of  their  respec- 
tive flexible  pavement  design  procedures.  Cooperative  field  studies  to  evaluate 
selected  pavements  were  being  condxicted  in  Maryland,  Nebraska,  Oregon,  and 
South  Carolina.  Cooperative  studies  in  Georgia,  to  obtain  fundamental  data 
on  the  mechanics  of  load  support  by  means  of  rigid-plate  bearing  tests  on  full- 
depth  pavement  specimens  having  base  courses  of  various  types,  were  con- 
tinued. Comprehensive  field  investigations  in  Oklahoma,  South  Dakota,  and 
Arkansas  to  obtain  information  to  improve  current  design  procedures  or  develop 
new  ones,  were  continued.  A  field  study  was  made  of  selected  flexible  pave- 
ment sections  on  the  Natchez  Trace  Parkway. 

Bituminous  materials  and  pavements 

I'ublic  Roads'  research  on  bituminous  pavements  has  been  directed  towards 
the  proper  selection  of  component  materials,  proper  mixture  design,  and  the 
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development  of  tests  to  adequately  control  materials  and  their  use,  with  the 
ultimate  objective  of  pavements  of  higher  quality  and  durability. 

The  construction  of  a  motorized  gyratory  compactor,  patterned  after  that  de- 
veloped by  the  Texas  Highway  Department  and  perfected  by  the  Corps  of 
Engineers,  was  completed  and  a  research  study  using  this  equipment  was 
started.  Testing  equipment  to  study  the  fatigue  and  tlexure  characteristics 
of  bituminous  pavements  also  was  installed  and  a  preliminary  study  was 
initiated.  A  cooperative  study  of  fatigue  characteristics  of  asphalt  concrete 
was  underway  in  Oregon. 

A  cooperative  study  was  started  by  North  Carolina  to  obtain  some  of  the 
information  needed  on  the  use  of  viscosity  of  asphaltic  materials  to  control 
plant  mixing  temi)eratures  and  to  establish  the  optimum  temperature  for  com- 
paction of  bituminous  mixtures  on  the  road.  A  study  proposal  was  sent  to  all 
State  highway  departments  to  encourage  further  studies  on  this  subject. 

Laboratory-field  correlation  studies  of  asphaltic  concrete  pavements  in  Mary- 
land, Virginia,  and  Delaware  were  continued.  Results  of  the  Maryland  study 
showed  'that  the  rate  of  hardening  of  the  asphalt  was  affected  by  the  amount 
of  air  voids.  In  general  the  rate  of  hardening  was  highest  In  pavements  hav- 
ing the  highest  amount  of  air  voids.  Technical  assistance  was  furnished  to 
the  Georgia  Institute  of  Technology  to  improve  bituminous  mixture  design  pro- 
cedure in  Georgia.  A  cooperative  study  to  evaluate  asphaltic  pavements  in 
Texas  was  initiated  at  the  Texas  Transportation  Institute. 

Studies  were  made  to  determine  the  suitability  of  certain  aggregates  and 
mineral  fillers  for  use  in  bituminous  con.struction.  Techniques  using  spectro- 
photometry, X-ray  diffraction,  and  differential  thermal  analysis  were  used  to 
determine  mineral  composition  of  some  of  these  materials  and  offer  rapid  and 
accurate  methods  that  may  be  used  for  the  .selection  of  materials. 

A  second  report  on  the  properties  of  highway  asphalts  was  completed.  The 
data  in  this  report  and  the  report  piablished  last  year  have  become  a  valuable 
guide  to  both  producers  and  consumers  in  evaluating  their  products  and  pro- 
moting new  .specifications  and  test  methods. 

The  practical  value  of  Public  Roads'  research  continued  to  be  demonstrated 
by  the  inclusion  of  its  thin-film  oven  test  in  the  standard  asphalt  specifica- 
tions of  the  American  Association  of  State  Highway  Officials  with  recom- 
mended specification  reciuirements.  The  test  was  also  accepted  as  a  tentative 
standard  by  the  American  Society  for  Testing  Materials. 

In  the  field  of  new  materials,  a  laboratory  investigation  of  the  new  coal- 
modified  tar  binder  was  conducted,  and  experimental  projects  were  observed. 
The.se  studies  revealed  some  undesirable  characteristics  of  the  new  material 
that  must  be  overcome  before  it  can  be  generally  used  on  a  large  scale. 

Chemical  investigations 

A  study  and  report  were  completed  which  extends  the  application  of  a  rapid 
instrumental  method  (fiame  photometer)  to  the  analyses  of  water-soluble 
alkalies  and  high  alkali  contents  of  portland  cement.  The  proposed  procedures 
are  more  accurate  and  less  time-consuming  than  present  methods. 

New  rust-inhibitive  paints  for  structural  steel  appear  to  offer  economic  ad- 
vantages over  presently  u.sed  paints  by  virtue  of  greater  durability.  Field 
exposure  studies  of  such  paints  were  continued  and  included  such  paint  types 
as  basic  lead  silico  chromate,  zinc-rich,  and  phenolic  wetting  additives. 

The  extremely  rapid  abrasion  of  ordinary  bridge  paints  by  high  wind,  sand, 
snow,  and  ice  presents  a  critical,  costly  maintenance  problem  in  some  areas 
in  Alaska.  A  cooperative  laboratory  study  was  initiated  to  determine  the  type 
of  paint  best  suited  for  such  conditions. 
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Theriiioplastic  materials  have  been  proposed  as  more  economical  substitutes 
for  standard  traffic  paints  for  the  striping  of  traffic  lanes  on  highways.  A 
questionnaire  was  sent  to  State  highway  departments  and  large  cities  to  obtain 
information  on  the  relative  durability,  safety,  and  economy  of  such  materials 
and  the  findings  will  be  used  to  determine  the  degree  of  Federal  financial 
participation  in  the  cost  of  such  materials  for  new  Federal-aid  and  Interstate 
highway  construction. 

Cement,  aggregates,  and  concrete 

A  report  of  a  research  investigation  on  the  chemical  properties  and  identifica- 
tion tests  of  retarders  and  their  effects  on  strength,  water  and  air  content,  and 
durability  of  concrete  was  completed.  The  report,  with  a  suggested  guide 
specification  for  retarders,  will  be  valuable  to  the  States.  The  study  results 
indicated  that  retarders  increase  compressive  strength,  reduce  water  content, 
and  do  not  adversely  affect  the  durability  or  volume  change  of  air-entrained 
concrete  when  used  at  a  rate  that  retards  the  setting  time  2i/^  to  3  hours  beyond 
that  of  similar  nonretarded  concrete.  The  results  indicated  that  retarders  are 
of  value  in  concrete  by  increasing  strength  or  by  reducing  placement  problems 
under  conditions  of  high  temperatures  that  cause  rapid  setting  or  stiffening  of 
concrete. 

A  study  of  the  use  of  14  manufactured  lightweight  aggregates  in  concrete  was 
completed  and  a  report  was  in  preparation.  Increased  use  of  such  materials  in 
the  last  5  years  in  bridge  deck  slabs  and  in  prestressed  concrete  beams  has 
raised  some  questions  about  volume  change,  creep,  and  durability  of  the  light- 
weight concrete.  The  manufacturers  of  the  lightweight  aggregates  have  im- 
proved their  products  and  the  previous  research  data  on  the  properties  and 
methods  of  use  were  not  necessarily  applicable  to  their  present  product.  The 
preliminary  test  results  indicated  that  most  lightweight  concretes  approach  the 
crushing  strengths  of  concretes  made  with  natural  aggregates  and  equal  cement 
content.  The  durability  of  the  lightweight  concrete  in  freezing  and  thawing 
appears  to  be  dependent  on  the  degree  of  saturation  at  the  time  of  freezing. 

A  report  on  the  study  of  mixing  time  of  34-E  dual-drum  paving  mixers  was 
completed  during  the  year.  Conclusions  were  that  satisfactorily  mixed  paving 
concrete  can  be  obtained  with  50-60  seconds  mixing  time,  exclusive  of  transfer 
time.  In  addition,  most  mixers  can  mix  up  to  20  percent  above  the  34  cubic 
feet  of  rated  capacity  of  concrete  without  a  decrease  in  strength  or  segregation 
of  the  concrete.  Time  and  efficiency  studies  on  all  of  the  mixer  study  jobs 
were  made  and  a  report  on  the  measurement  of  mixing  time  was  completed. 

Durability  tests  of  concrete  slabs  exposed  to  outside  weathering  or  de-icing 
by  chemical  salts  was  continued.  The  beneficial  value  of  air-entrainment  in 
preventing  or  minimizing  scaling  was  demonstrated  again  and  checked  the  ob- 
servations of  previous  years. 

The  work  on  development  of  test  methods  for  concrete  continued.  More 
data  were  obtained  on  the  indirect  tensile  (cylinder  splitting)  test,  and  various 
sulfur  mixtures  for  capping  of  cylinders  were  studied.  The  Proctor  needle  test 
for  determination  of  setting  time  of  screened  mortars  from  concrete  has  proven 
satisfactory  as  a  measure  of  the  retardation  of  concrete. 

Control  of  the  quality  of  concrete  can  be  facilitated  if  the  cement  content  of 
the  fresh  concrete  can  be  accurately  determined.  A  study  was  in  progress  of  a 
proposed  ASTM  method  for  determining  the  cement  content  of  fresh  concrete, 
using  both  washing  and  centrifuging  for  separation  of  cement  from  the  concrete. 
Primary  emphasis  was  placed  on  determining  the  accuracy  to  be  expected  from 
the  procedure  when  different  types  and  sizes  of  coarse  aggregates  and  different 
kinds  of  cement  are  used. 
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A  sillily  of  the  factors  affecting  the  results  obtained  in  the  Los  Angeles  abra- 
sion test  for  aggregates  was  conducted  over  a  2-year  period  in  cooperation  with 
nine  other  laboratories.  It  was  determined  that  nonuniformity  of  rotational 
speed  during  each  revolution  of  the  Los  Angeles  drum  was  a  contributing  factor 
to  the  observed  variability.  Precision  limits  for  the  Los  Angeles  test  were 
recommended  to  the  approijriate  ASTM  committees  on  the  basis  of  the  data 
obtained. 

Structural  design  of  concrete  pavements 

Cooperative  investigations  of  continuously  reinforced  concrete  pavements 
were  in  progress  in  California,  Illinois,  Indiana,  Pennsylvania,  and  Maryland. 
Performance  surveys  of  pavements  in  service  were  being  conducted  in  Illinois, 
Maryland,  Michigan,  and  Oklahoma.  Other  cooperative  projects  included  in- 
vestigations in  Indiana  on  the  effectiveness  of  various  types  and  thicknesses  of 
subbases  in  the  control  of  pumping;  in  New  York  on  the  corrosion  of  dowels 
using  unprotected  steel,  stainless  steel  sleeves,  and  nickel  coatings ;  and  in  a 
study  at  Purdue  University  to  develop  a  nondestructive  method  of  measuring 
moisture  gradients  in  hardened  concrete. 

In  anticipation  of  cooperative  prestressed  concrete  pavement  experimental 
projects,  Public  Roads  completed  a  thorough  literature  survey  on  the  subject 
during  the  year.  Field  tests  were  also  completed  on  methods  designed  to  re- 
duce friction  between  the  slab  and  subbase. 

Road  surface  research 

A  nationwide  correlation  study  of  roughometers  constructed  from  Public  Roads 
plans  was  initiated.  Comparison  studies  between  Bureau  and  State  machines 
were  made  in  nine  States.  As  a  result  certain  minor  changes  were  being  con- 
sidered to  improve  standardization  of  the  roughometer  and  its  operation.  The 
Public  Roads  roughometer  team  worked  in  nearly  one-third  of  the  States  during 
the  year. 

Progress  was  made  in  developing  and  improving  the  equipment  used  to  measure 
the  skid  resistance  of  wet  pavement  surfaces.  A  forced  water  system  was  in- 
stalled and  a  sequence  timer  was  included  to  simplify  the  control  of  the  various 
operations  and  to  provide  uniformity.  Rigorous  tests  were  being  conducted  to 
appraise  the  merit  of  the  equipment.  To  supplement  the  locked-wheel  skid 
data  developed  by  the  Public  Roads  machine,  a  two-wheeled  trailer  which  meas- 
ures rolling-wheel  or  incipient  friction  was  acquired. 

Bridge  research 

Work  continued  on  the  analysis  of  data  from  the  dynamic  tests  on  bridges  in 
Missouri,  Nebraska,  and  South  Dakota  while  Public  Roads'  electronic  field  test- 
ing equipment  has  been  in  use  on  the  bridges  on  the  AASHO  Test  Road.  These 
tests  and  the  cooperative  theoretical  and  laboratory  research  on  this  subject  at 
the  University  of  Illinois  were  clarifying  the  concept  of  impact  as  it  affects  the 
design  of  highway  bridges  and  suggesting  the  type  of  testing  which  will  be  most 
productive  when  the  Bureau  equipment  again  becomes  available  for  work  in  the 
field. 

Wind  tunnel  tests  on  one-fiftieth  scale  section  model  were  made  to  determine 
the  aerodynamic  characteristics  of  proposed  suspension  bridges  at  San  Pedro, 
Calif.,  and  over  the  Straits  of  Bosporus  in  Turkey.  Similar  studies  were  in 
progress  to  determine  the  aerodynamic  effect  of  adding  rapid  transit  facilities 
to  the  Golden  Gate  Bridge. 

During  the  past  year  the  continuing  cooperative  research  on  structural  steel 
at  Lehigh  University  and  the  Universities  of  Illinois  and  Washijigton  led  to  im- 
portant changes  in  the  design  specifications  for  bolted  joints  and  plate  girders. 
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Coiitiiiuiiiy  (j()(>i)er:itive  studies  of  f;itisue  of  steel  at  the  riiiversity  of  Illinois 
and  in  the  fieUl  of  concrete  and  prestressed  concrete  at  that  university  and 
Lehigh  University  indicated  the  desirability  of  changes  in  design  practices 
and  specifications.  Important,  possibly  far-reaching,  cooperative  studies  of 
creep  and  fatigue  in  concrete'  were  initiat<>d  at  the  T  iiiiversities  of  Illinois  and 
.Missouri. 

Foreign   Activities 

Inter-American   Highway 

Since  1930  the  United  States,  through  the  Bureau  of  Public  Roads,  has  been 
assisting  the  Republics  of  Guatemala,  ¥A  Salvador,  Honduras,  Nicaragua,  Costa 
Rica,  and  Panama  in  the  construction  of  the  Inter-American  Highway,  which  is 
that  section  of  the  Pan  American  Highway  from  Nuevo  Laredo  on  our  Mexican 
t>order,  to  Panama  City  at  the  Pacific  terminal  of  the  Panama  Canal,  a  distance 
of  3,142  miles.  Connecting  highways  from  VA  Paso  and  Nogales,  Tex.,  to  Mexico 
City  now  afford  more  dii'ect  routes  from  the  western  United  States.  At  the  end 
of  the  year,  !>5  ijercent  of  the  Inter-American  Highway  was  passable  in  all  kinds 
of  weather  by  motor  vehicles,  and  uninterrupted  travel  of  the  entire  distance  to 
Panama  City  was  scheduled  by  the  spring  of  1962. 

Throughout  its  length  of  1,587  miles  in  Mexico,  the  highway  was  open  and 
l)ractically  all  of  it  was  paved.  This  section  of  the  higliway  has  been  financed 
and  constructed  entirely  by  Mexico. 

From  the  Guatemalan-Mexican  border,  the  highway  was  also  passable  at  all 
times  over  paved  or  gravel  roads  for  1,113  miles  to  San  Isidro,  Costa  Rica.  In 
this  distance,  many  sections  were  under  construction,  but  the  route  was  open  and 
j>assable,  although  with  some  difficulty.  Beginning  at  San  Isidro,  Costa  Rica,  an 
impassable  section  of  the  route  extendetl  for  about  150  miles  through  rough  and 
undeveloped  territory  to  Concepcion,  Panama.  This  entire  section  was  under 
construction.  From  Concepcion  to  Panama  City,  a  distance  of  about  287  miles, 
the  highway  was  passable  at  all  times,  but  considerable  construction  was  under- 
way. 

On  the  1,555  miles  of  the  highway  between  the  Mexican  border  and  Panama 
City,  contracts  were  awarded  during  the  year  for  54  bridges  and  186  miles  of 
base  and  paving.  Still  to  be  placed  under  construction  were  460  miles  of  base 
and  paving,  in  addition  to  widening  7  miles  of  the  route  in  the  Selegua  Canyon 
in  Guatemala.  Widening  and  partial  construction  on  11  miles  of  the  highway  in 
the  mountainous  section  between  Cartago  and  San  Isidro  in  Costa  Rica  and  work 
on  27  miles  of  a  relocation  in  Panama  between  Guabala  and  Santiago  remained 
to  be  completed. 

The  condition  of  the  highway  in  the  Central  American  Republics  and  the  work 
accomplished  during  the  fiscal  year  are  described  in  the  following  paragraphs. 

In  Guatemala,  the  entire  highway  was  passable  at  all  times,  although 
occasional  slides  and  washouts  may  delay  traffic  in  the  Selegua  Canyon  for 
short  periods  for  several  years  until  the  highway  becomes  stabilized.  Construc- 
tion work  continued  on  the  grading  and  bridge  contracts  previously  awarded. 
A  contract  for  paving  in  the  northern  part  of  Guatemala  awarded  last  year  was 
delayed  pending  a  study  of  the  most  desirable  type  of  surfacing,  and  was  being 
revised.    About  140  miles  will  be  gravel  surfaced  under  present  financing  plans. 

In  El  Salvador,  the  entire  length  of  the  highway  was  completed  prior  to  fiscal 
year  1960. 

In  Hondura.s,  grading,  bridges,  and  subbase  for  the  highway  were  completed. 
A  contract  for  the  base  and  paving  of  the  entire  route  was  signed.  Construction 
had  started  and  should  be  completed  by  the  end  of  the  next  fi.'^cal  year. 

In  Nicaragua,  the  base  and  paving  were  completed  on  a  35-miIe  section  in 
northern  Nicaragua.    A  22-mile  section  in  southern  Nicaragua  was  under  con- 
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struction  for  base  and  paviiijr.  A  contract  for  the  base  and  paving  on  the  last 
48-niile  section  was  awarded  during  the  year.  It  is  estimated  that  the  entire 
higliway  in  Nicaragua  will  be  completed  by  the  end  of  the  next  fiscal  year. 

In  Costa  Rica,  paving  was  completed  in  the  northern  .section  between  the 
Nicaraguan  border  and  San  Ramon.  In  southern  Costa  Rica,  grading,  drainage, 
and  subbase  work  were  substantially  completed  on  the  133-mile  impassable 
gap.  A  contract  was  awarded  for  the  construction  of  3!)  bridges  in  this  section. 
With  completion  of  these  bridges,  scheduled  for  March  19(j2,  the  Inter-American 
Highway  will  be  passable  at  all  times  for  its  full  length.  Upon  completion  of 
this  contract.  2(M>  miles  of  the  route  in  Costa  Rica  will  be  paved.  An  additional 
204  miles  will  have  an  all-weather  gravel  surface,  but  funds  are  not  available 
for  base  and  paving  work. 

During  the  year  the  engineering  and  supervision  of  constniction  of  all  future 
WM)rk  on  the  Inter-American  Highway  in  Costa  Rica'  was  transferred  to  the 
Government  of  Costa  Rica,  in  line  with  the  policy  of  the  Bureau  of  Public  Roads 
of  assisting  the  Central  American  Republics  in  setting  up  and  maintaining  com- 
petent highway  departments  of  their  own. 

In  Panama,  the  highway  was  passable  at  all  times  except  for  a  17-mile  section 
adjacent  to  the  Costa  Rican  border.  During  the  year  agreements  were  entered 
into  with  I'anama  which  will  provide  funds  for  a  paved  highway  from  the 
Costa  Rican  border  to  Panama  City.  Contracts  were  awarded  during  the  year 
on  44  miles  of  base  and  paving  woi*k,  and  provision  had  been  made  for  paving 
an  additional  .14  miles.  On  the  remaining  02-mile  section,  between  Guabala 
and  Santiago,  for  which  a  reU>cation  was  being  planned,  Panama  agreed  to  pave 
the  old  road.  This  will  provide  a  satisfactoi-y  temporary  route  until  plans  are 
completed  and  funds  available  for  the  relocation. 

Other  Latin  American  projects 

In  Guatemala,  Public  Roads  continued  to  furnish  technical  engineering  as- 
sistance to  the  International  Cooperation  Administration  in  connection  with  the 
construction  and  improvement  of  the  Pacific  Highway  from  the  Mexican  border 
to  the  border  of  El  Salvador  and  the  Atlantic  Highway  from  Guatemala  City 
to  Puertos  Barrios,  as  well  as  rural  development  roads. 

During  the  year  Public  Roads  sent  three  equipment  specialists  to  Panama  to 
furnish  technical  advice  and  assistance  on  the  operation  and  maintenance  of 
road  construction  equipment  and  to  train  equipment  operators. 

The  United  States  is  aiding  Nicaragua  financially  in  the  construction  of  the 
Rama  Road,  which  will  form  the  main  transportation  link  from  the  settled 
portion  of  Nicaragua  on  the  Pacific  Coast  to  the  undeveloped,  fertile  areas  of 
eastern  Nicaragua  and  the  Atlantic  Ocean.  The  road  extends  158  miles  from 
San  Benito  on  the  Inter-American  Highway  to  Rama,  a  port  on  the  Escondida 
River.  Construction  with  United  States  funds  in  1943-48  had  completed  96  miles 
of  all-weather  road  from  San  Benito  to  Villa  Somoza.  Work  was  resumed  in 
1955  and  since  then  42  miles  have  been  put  under  ccmtract,  of  which  37  miles 
were  completed.  Funds  were  available  for  only  a  portion  of  the  remaining  20 
miles  of  construction. 

During  the  year,  two  engineers  were  sent  to  Colombiji,  two  to  Chile,  two  to 
Costa  Rica,  and  one  to  Guatemala  on  temporary  assignments  to  furnish  technical 
advice  and  assistance  in  highway  matters  to  those  countries,  at  their  request. 

The  VIII  I'an  American  Highway  Congress  held  in  Bogota,  Colombia,  May 
20-29  was  attended  by  personnel  from  the  Bureau  of  IMiblic  Roads. 

Other  foreign  activities 

Since  the  end  of  World  War  II  the  Bureau  of  I'ublic  Roads  has  furnished 
technical  assistance,  advice,  and  consultation  to  many  foreign  countries  with  the 
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olijective  of  developing  or  furthering  programs  of  highway  improvement  and 
communications  in  those  countries,  thus  fostering  their  economic  and  social 
growth.  Emphasis  has  been  on  aiding  the  countries  to  establish  competent  high- 
way organizations  and  training  nationals  to  staff  them. 

At  the  end  of  the  year  Public  Roads  was  actively  participating  in  highway 
improvement  programs  in  11  foreign  coTintries,  9  of  which  were  sponsored  by 
the  International  Cooperation  Administration.  Programs  in  Ethiopia  and  Iran 
were  financed  by  the  International  Bank  for  Reconstruction  and  Development 
and  the  Export-Import  Bank  of  Washington,  respectively.  A  new  program  of 
technical  assistance  was  undertaken  in  Turkey,  financed  by  a  loan  made  to  the 
Turkish  government  by  the  Exiwrt-Import  Bank  of  Washington  for  forestry 
development.  An  agreement  was  being  negotiated  with  the  Philippines  for 
provision  of  services  and  technical  assistance  in  connection  with  a  public  works 
program  being  imdertaken  with  financing  from  the  Development  Loan  Fund. 
Public  Roads  had  106  persons  in  its  overseas  missions  and  was  recruiting  for 
90  more. 

Activities  in  Ethiopia. — During  the  fiscal  year  Public  Roads  had  13  engineers 
and  technicians  assigned  to  assist  the  Ethiopian  Imperial  Highway  Authority. 
Construction  by  contract  was  initiated  during  the  year  on  500  miles  of  new 
roads,  and  force-account  betterment  construction  was  underway  on  a  total  of 
1,160  miles  of  roads.  A  total  of  7,300  miles  of  all-weather  roads  were  under 
maintenance,  of  which  2,200  miles  were  asphalt  surfaced. 

Training  of  Ethiopian  nationals,  organized  and  directed  by  Public  Roads  per- 
sonnel, has  been  a  major  activity. 

Benefits  to  Ethiopia  resulting  from  highway  improvement  have  been  out- 
standing. For  example,  in  1952  a  truck  took  2  weeks  to  make  the  440-mile  trip 
from  the  Red  Sea  port  of  Assab  to  Addis  Ababa,  in  the  dry  season.  The  trip 
is  now  made  in  2  to  2Y2  days,  in  both  dry  and  rainy  seasons.  The  cost  of  truck 
transport  has  been  reduced  from  $31  per  ton  in  1953  to  $14  per  ton  in  1959,  a  54- 
percent  saving. 

Activities  in  Iran. — During  the  fiscal  year  Public  Roads  continued  technical 
assistance  to  the  Ministry  of  Roads  of  Iran  on  its  highway  maintenance  pro- 
gram, and  began  to  assist  in  some  design  and  construction  work.  The  major 
effort,  however,  has  been  toward  training  equipment  operators  and  mechanics, 
and  developing  an  organization  sutficient  to  support  the  routine  maintenance 
of  Iran's  highway  system.  Some  betterment  work,  consisting  of  widening  and 
bituminous  surfacing,  has  been  performed. 

During  the  year  approximately  $3.25  million  of  highway  maintenance  equip- 
ment has  been  delivered  to  Iran,  and  an  additional  $1  million  of  equipment  was 
purchased  with  Iranian  local  fimds.  Some  $750,000  of  equipment  has  been 
supplied  from  Development  Loan  Fund  sources. 

Activities  in  Jordan.— Public  Roads  continued  to  supply  technical  a.ssistance 
and  special  aid  to  the  Government  of  Jordan  for  highway  construction  through- 
out the  year.  Five  engineers  were  added  to  the  staff  to  provide  assistance  in 
location  and  design,  specifications  and  contract  forms  for  bridge  construction, 
highway  materials  testing  and  control,  development  of  a  cost  accounting  system, 
and  planning  for  a  highway  physical  inventory  and  traffic-count  program. 

The  initial  demonstration  program  of  95  miles  of  primary  and  90  miles  of 
secondary  road  construction  was  completed  except  for  the  Sweileh-Jarash  sec- 
tion of  55  miles.  Improvement  was  made  during  the  year  in  the  better  use,  main- 
tenance, repair,  and  operation  of  etjuipment. 

Advice  and  assistance  was  also  furnished  during  the  year  on  a  road  relief 
program  financed  from  the  sale  of  wheat  under  Public  Law  480.  This  program 
provided  work  for  an  average  of  10,000  laborers  during  the  year.     Training  of 
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mechanics  was  started  in  a  building  completed  during  the  year  at  the  new  equip- 
ment depot  at  Wadiseer.  The  survey  and  design  of  the  Dead  Sea-Jerusalem- 
Bethlehem  highway  routes  by  engineering  consultants  was  completed. 

Activities  in  Laos. — The  Public  Roads  program  in  Laos  was  initiated  under 
a  preliminary  agreement  with  ICA  dated  November  12,  1959,  providing  for  a 
temporary  detail  to  Laos  of  six  men.  This  agreement  was  supplanted  by  a 
long-term  agreement  dated  March  21,  1960,  providing  for  a  full  staff  of  spe- 
cialists from  the  United  States  and  other  countries  to  furnish  technical  advice, 
assistance,  and  training  to  Lao  nationals.  It  also  provided  that  Public  Roads 
would  design  and  supervise  construction  of  a  63-mile  road  in  the  central  part 
of  the  country. 

The  initial  Public  Roads  team  reviewed  plans  and  specifications  for  the  30- 
mile  Vientiane-Thadeau  route,  which  was  turned  over  to  the  U.S.  Navy  to  re- 
design and  supervise  construction  for  ICA.  Public  Roads  was  given  full 
management  of  the  63-mile  road  project  on  which  the  French  had  made  prelim- 
inary studies  and  had  been  building  major  structures.  At  the  close  of  the  fiscal 
year  the  plans  and  contract  documents  had  been  completed  and  the  project  was 
ready  for  advertising  for  bids. 

A  large  quantity  of  component  parts  of  Bailey  bridges  in  Army  surplus 
stocks  were  inspected  in  Japan  and  arrangements  were  made  for  their  use  in 
Laos.  A  survey  of  existing  and  needed  bridges  on  the  Vientiaue-Luang-Praliang 
route  indicated  need  for  67  new  bridges.  It  was  expected  that  33  of  these 
would  be  furnished  by  the  British  as  aid  to  Laos.  The  transportation,  con- 
struction of  substructures  and  approaches,  and  erection  of  the  bridges  was  to 
be  done  by  the  Laotian  Public  Works  Department  with  Public  Roads  train- 
ing and  supervision. 

Equipment  specialists  completed  a  survey  of  the  condition  of  road  equipment 
in  the  country,  and  a  start  was  made  toward  better  equipment  management. 

Activities  in  Lehanon. — During  the  year,  technical  assistance  to  the  Lebanese 
Highway  Department  was  continued.  The  Public  Roads  team  in  Lebanon  worked 
closely  with  oflScials  of  the  Ministry  of  Public  Works  in  the  formation  and  staff- 
ing of  an  integrated  highway  department.  Progress  was  made  in  the  fields  of 
design,  materials,  and  equipment  maintenance.  Training  was  underway  in  the 
preparation  of  construction  plans  and  specifications  for  complicated  projects  in 
densely  populated  areas. 

A  second  stage  of  the  Beirut-Tripoli  controUed-access  highway  was  completed. 
Lebanese  officials  have  realized  the  importance  of  adequate  legislation  govern- 
ing use  of  controUed-access  facilities,  and  Public  Roads  technicians  aided  them 
in  drafting  a  proposed  act  covering  their  design,  control,  and  u.se. 

Activities  in  Liheria. — The  Liberian  system  of  primary  and  secondary  high- 
ways continued  to  expand  with  the  technical  advice  and  assistance  of  the  Bureau 
of  Public  Roads.  Approximately  120  miles  of  hard-surfaced  roads  were  com- 
pleted, 12  miles  of  which  were  asphalt,  and  26  miles  of  secondary  roads  were 
built.  A  bridge  300  feet  long  over  the  Lofa  River  and  a  500-foot  bridge  over  the 
Cess  River  were  completed.  A  600-foot  structure  was  started  at  the  Farmington 
River. 

The  147-mile  Western  Province  highway,  Liberia's  first  international  connec- 
tion with  Sierra  Leone,  was  completed  during  the  fiscal  year  at  a  cost  of  $9 
million,  financed  by  an  Export-Import  Bank  loan.  On  the  Eastern  Province 
highway,  financed  by  a  $15  million  loan  from  the  Italian  Government  and  being 
constructed  by  an  Italian  contractor,  30  miles  were  completed. 

The  Liberian  Division  of  Highways  surveyed  42  miles  of  highway  in  the  dense 
jungle  of  the  interior,  and  completed  43  miles  of  new  highway  design.  A  mate- 
rials laboratory  established  by  Public  Roads  aided  the  progress.    Assistance  was 
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also  given  by  Public  Roads  in  traffic  counts,  highway  signs,  mileage  charts,  high- 
way diagrams,  and  safety  studies.  Eight  Liberian  highway  personnel  were  re- 
ceiving ti-aining  as  participants  in  United  States  colleges  and  technical  schools. 

Expansion  of  the  highway  network  to  1,200  miles  taxed  existing  maintenance 
facilities,  and  a  Public  Roads  maintenance  study  led  to  reorganization  of  the 
Division  of  Highways.  Maintenance  personnel  training  was  conducted  by  Public 
Roads  technicians,  but  will  gradually  be  turned  over  to  Liberian  personnel. 

Near  the  end  of  the  fiscal  year  Liberia  was  placing  emphasis  on  a  new  rural 
development  program,  with  Public  Roads  participating  in  the  advance  planning. 

Activities  in  Nepal. — Public  Roads  continued  its  assistance  to  the  Government 
of  Nepal  with  a  staff  of  six  engineers. 

Five  highway  divisions  and  a  bridge  section  were  set  up  and  construction  was 
underway  on  7  road  projects  and  2()  bridges.  Lack  of  competent  highway  con- 
tractors, engineers,  and  workmen  retarded  progress. 

Over  .$2.3  million  has  been  obligated  for  commodity  purchases,  and  .$(i(M),000 
in  additional  equipment  was  ordered.  Two  mechanized  construction  units  were 
being  set  up  and  limited  recruitment  of  technicians  on  a  worldwide  basis  was 
.stai'ted. 

Activities  in  flie  Philijtpities. — During  the  fiscal  year,  the  Public  Roads  group 
of  four  Americans  and  two  Filipino  engineers  continued  to  work  in  the  Pliilippine 
Islands  in  a  consulting  and  advisory  capacit.v  on  higliwa.v  matters  under  the 
ICA  program.  The  Philippine  Bureau  of  Public  Highways,  which  had  been  set 
up  with  the  advice  and  assistance  of  the  Bureau  of  Public  Roads,  was  recognized 
as  one  of  the  best  highway  departments  in  the  Far  East. 

Construction  worth  $5.7  million  was  completed  on  Mindanao  development  roads 
during  the  year  despite  adver.se  weather.  Sixty-one  miles  of  roads  and  31  bridges 
were  completed  during  the  year.  At  the  end  of  the  year.  144  miles  of  roads 
and  20  bridges  were  still  under  construction.  Only  8  miles  of  roads  and  5 
bridges  remain  to  be  constructed  in  this  program. 

On  the  national  highway  program,  520  miles  of  road  improvements  and  76 
bridges  were  completed  and  540  miles  of  roads  and  38  bridges  were  under  con- 
struction during  the  year,  financed  solel.v  with  Philippine  Government  funds. 
In  addition,  construction  of  bridges  with  materials  furnished  by  the  United 
States  continued. 

Under  the  barrio  (village)  and  feeder  road  program,  587  miles  were  completed 
and  413  miles  were  under  construction  during  the  year. 

Training  of  Philippine  personnel  continued.  Eight  employees  were  sent  to 
the  United  States  for  specialized  practical  work  in  administration  and  design. 
Emphasis  was  given  b.v  Public  Roads  personnel  to  ordinary  and  preventive  main- 
tenance of  field  equipment,  and  equipment  maintenance  seminars  were  started 
for  project  engineers  and  supervisors  in  every  district.  The  Development  Loan 
Fund  provided  .$9  million  for  the  procurement  of  equipment  spare  i)arts,  and 
Public  Roads  agreed  to  effect  this  procurement  as  well  as  an  additional  $0.7  mil- 
lion of  new  equipment  and  materials. 

Activities  in  Sudan. — Public  Roads  started  a  program  of  technical  assistance 
to  the  Government  of  Sudan,  sponsored  by  ICA,  in  April  105S.  Projects  in  high- 
way development  and  construction  were  continued  during  the  fiscal  year.  The 
Public  Roads  staff  included  four  engineers,  a  construction  superintendent,  and 
two  equipment  specialists.  Training  through  scholarships  of  nine  Sudanese  was 
started,  and  two  officials  made  observation  tours  in  the  United  States. 

A  substantial  amount  of  highway  equipment  was  i)i-ocured  for  the  Sudan.  The 
heavy  equipment  repair  slioj)  was  reorganized  and  plans  for  a  shop  building  and 
a  training  aids  building  were  completed.  On-the-jol)  training  was  cjirried  out 
in  connection  with  all  activities. 

68 


Work  was  underway  on  a  13-mile  highway  construotion  demonstration  project. 
A  map  study  and  preliminary  estimate  were  completed  for  an  additional  100- 
mile  construction  project,  and  a  reconnaissance  was  made  of  another  100-mile 
route  proposed  for  construction.  Technical  advice  was  given  on  a  project  for 
improvement  of  streets  in  Khartoum,  including  the  construction  of  a  multilane 
street,  which  will  be  the  only  one  in  Sudan. 

Activities  in  Turkey. — Although  the  technical  assistance  program  to  the  Turk- 
ish Directorate  of  Highways  was  terminated  in  .June  1U!")9,  Public  Roads  con- 
tinued its  assistance  to  Turkey  on  two  specific  projects  tinanced  by  ICA.  One 
provided  for  finishing  the  traffic  survey  initiated  in  l!>.j8  and  required  the  services 
of  a  specialist  for  3  months.  The  other  project  was  to  establish  an  integrated 
accounting  system  and  a  cost  research  engineering  department.  Under  a  Central 
Treaty  Organization  financed  project,  a  specialist  was  assigned  to  assist  in  the 
installation  of  an  electronic  computer  and  in  the  development  of  a  program  for 
its  use.  His  Turkish  counterpart  received  training  in  the  United  States  during 
the  fiscal  year. 

Preparations  were  underway  for  procurement  of  machinery  and  equipment  to 
construct  adequate  forest  roads  and  to  facilitate  the  development  of  the  vast 
natural  forest  resources  of  Turkey  under  an  agreement  between  Public  Roads 
and  the  Turkish  Forestry  Service,  with  financing  by  an  Export-Import  Bank  loan. 

Activities  in  Yemen — During  the  year  an  agreement  was  entered  into  with  ICA 
for  a  highway  improvement  program  in  Yemen,  including  construction  of  a  270- 
mile  road  from  the  port  of  Mocha  via  Taiz  to  Saana.  Maximum  utilization  will 
be  made  of  Yemen  nationals  and  an  active  training  program  will  be  conducted  by 
Public  Roads  personnel.  Surveys  have  been  made  and  a  Public  Roads  engineer 
was  assigned  temporarily  to  Y'emen  to  make  necessary  arrangements.  Engineers, 
technicians,  equipment  operators,  and  service  and  shop  specialists  were  recruited 
and  were  being  prepared  for  departure  to  Yemen. 

Training  of  foreign  engineers 

An  increasing  number  of  highway  engineers  and  officials  from  other  countries 
came  to  the  United  States  during  the  year  to  study  and  observe  at  first  hand  the 
techniques,  methods,  and  equipment  developed  for  and  used  in  our  highway  im- 
provement programs.  Public  Roads,  with  the  cooperation  of  State  highway  de- 
partments, cities,  counties,  and  private  industry,  has  arranged  for  or  provided 
programs  of  training  for  these  visitors. 

While  a  large  majority  of  these  visitors  are  under  the  sponsorship  of  the  In 
ternational  Cooperation  Administration,  numerous  individuals  were  sponsored 
or  referred  to  Public  Roads  by  the  Department  of  State,  the  United  Nations,  and 
private  foundations,  or  came  to  the  United  States  under  the  ausjiices  of  their  own 
governments.  A  total  of  61.^)  man-months  of  observation  and  training  were  pro- 
vided for  visitors  from  43  countries. 

During  the  year.  Public  Roads  produced  a  motion  picture,  RchahUitation  of 
Philippine  Highways,  which  shows  practical  highway  work  in  underdeveloped 
countries.  The  film  will  be  instructive  to  American  engineers  and  technicians 
going  on  overseas  assignments,  and  to  engineers  and  officials  of  other  countries 
that  are  embarking  on  road  development  programs. 
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Table  16.— Funds  authorized  by  sees.  2(a)  and  2(e)  ("D"  and  "L"  funds,  re- 
spectively) of  the  1958  act:  Projects  completed  during  the  fiscal  year  endel 
June  30,  1960,  by  State 


State  or  territory 


Completed  during  fiscal  year 


Total  cost 


Federal  funds 


D"  funds        "L"  funds 


Miles 


Alabama. 

Alaska 

Arizona.. 
Arkansas- 


California___ 

Colorado 

Connecticut. 
Delaware 


Florida. 
Georgia. 
Hawaii.. 
Idaho... 


Illinois.. 
Indiana. 

Iowa 

Kansas.. 


Kentucky. 
Louisiana. 

Maine 

Maryland. 


Massachusetts. 

Michigan 

Minnesota 

Mississippi 


Missouri.. 
Montana. 
Nebraska. 
Nevada... 


New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 


North  Carolina. 
North  Dakota. - 
Ohio 

Oklahoma 


Oregon 

Pennsylvania.. 
Rhode  Island-. 
South  Carolina. 

South  Dakota.. 

Tennessee 

Texas 

Utah 


Vermont 

Virginia 

Washington.. - 
West  Virginia. 


Wisconsin 

Wyoming 

District  of  Columbia. 
Puerto  Rico 


Totals. 


$7,  593, 275 
4,991,882 
3.311,799 
4, 422, 379 

28, 076,  749 
5, 476,  714 
5, 099,  563 
2, 345, 000 

4, 979,  567 
12, 955, 471 
2, 157, 168 

4,  657, 876 

21,  600, 272 
11,282,568 
4, 975, 874 
6, 264,  767 

7,  705, 465 
8, 883, 447 
3, 934, 414 
7, 230,  387 

9,  577, 489 
15.635,656 
10, 074. 339 

8, 868,  733 

7, 274.  685 
7, 307,  659 

8,  934, 197 
2, 439,  748 

2, 378, 490 
11.439,760 

3.  587,  695 
30, 329, 481 

7,  812, 360 

5,  573,  956 
14, 055,  825 

1,789,287 

6, 996, 209 

27, 622, 003 

2, 220, 944 

5, 055,  256 

3,  .520. 939 
5.  860, 132 

20,171,050 
2. 125, 989 

2,  223, 134 
7, 392.  728 
4,975,410 
4, 304, 531 

10, 038,  639 

4.  665, 076 
2, 299, 467 
4, 386, 153 

418,  881,  657 


.$5, 043.  703 
3,  676,  645 

2,  681,  955 
2, 866,  845 

16, 840, 323 

3,  532, 327 
2,  973, 882 
1,562,285 

3, 296,  553 
8,  624, 373 
1, 403,  868 
3, 364, 625 

13,  986.  499 
7, 337.  328 
3, 005.  777 
4, 098, 491 

5, 049.  820 
5.  613, 977 
2.  508.  801 

4,  394, 431 

6. 281. 255 
9, 963, 353 
5, 979, 057 
5, 421,  907 

4,  760, 026 
4, 969,  564 

5,  815, 927 

1,  952, 125 

1, 462, 934 
7, 485,  532 

2,  696, 142 
17,  767,  592 

5,110,438 
3, 658,  520 
9, 100, 803 
1, 189, 235 

4, 968, 200 

18. 324,  592 

1, 475, 806 

3, 052, 936 

2, 467,  583 
3, 840, 424 
12, 149, 420 
1, 664, 298 

1,374,729 
4, 270,  509 
3, 366,  676 
2,751,571 

6, 826, 694 
3, 424, 143 
1,215,015 
2,  762, 074 

268,411,588 


.$1,517,404 
233,  516 
360, 310 
878,  593 

4, 034,  088 
902, 973 
933,  556 
479, 145 

971,742 

2,  661.  656 

467.  956 

733,  983 

3, 839, 254 

2. 388, 046 

877,  615 

1,264,223 

1,  529,  743 

1,  780,  545 

765, 850 

1, 357,  629 

1,  802, 231 

178,867 

224. 152 

18, 000 

1,485,160 

1.250,662 

1,  784,  729 

135, 497 


2, 303, 432 

556, 131 

5, 409, 343 

1,470,355 

1, 133, 851 

2,  867, 965 

367, 332 

1, 042,  801 

5,  639, 487 

450, 050 


439,  601 
1.190,918 
3,  744, 872 


417. 837 

1,330.646 

925. 995 

811,716 

1,733,005 
652, 490 
347, 226 
853. 324 

68.  545,  502 


131.3 
104.  2 
46.8 
165.1 

101.0 

109.  4 

25.  9 

19.6 

32.0 

276.  3 

5.1 

120.2 

394.2 

172.7 
180.9 
246.9 

93.7 
161.9 
40.0 
24.7 

28.5 
199.8 
221.1 
245.9 

91.3 
198.7 
174.8 

50.3 

8.8 

37.9 

51.2 

144.1 

133.3 
322.6 
264.0 
29.3 

80.3 
131.3 

22.8 
188.2 

179.9 

141.1 

399.3 

29.1 

11.6 
99.0 

58.7 
46.8 

178.2 
78.0 
3.8 
14.1 

6,315.7 
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Table  20. — Mileage  of  the  national  forest  highway  system,  by  forest  road  class 
and  by  Stale,  as  of  June  30,  1960 


Region  and  State  or  territory 


Total 


Class  1  1 


Class  2  2 


Class  3  3 


West- 

Alaska 

Arizona 

California. 
Colorado. - 


Idaho 

Montana 

Nevada 

New  Mexico. 


Oregon 

South  Dakota. 

Utah 

Washington... 
Wyoming 


Total. 


East: 

Alabama.. 
Arkansas. 
Florida... 
Georgia.. 


Illinois 

Indiana.. - 

Iowa 

Kentucky- 


Louisiana.  . 

Maine 

Michigan. . 
Minnesota. 


Mississippi 

Missouri 

Nebraska 

New  Hampshire. 

North  Carolina. . 
Ohio 

Oklahoma 

Pennsylvania 


South  Carolina. 

Tennessee 

Texas 

Vermont 


Virginia 

West  Virginia. 

Wisconsin 

Puerto  Rico... 


Total 

Grand  total. 


446.2 
1,059.6 
2, 463.  8 
1, 486. 1 

1,216.1 

1, 207.  4 

368.9 

642.  3 

1,443.3 
300.2 
732.1 
739.2 
470.5 


12,  575.  7 


374.4 
633.3 

289.8 
366.7 

306.2 

101.2 

-   20.0 

351.4 

402.1 

14.0 

1,  163.  2 

703.8 

547.3 

978.7 

23.5 

158.0 

830.0 

133.6 

61.7 

353.9 

774.9 
568.  7 
355. 4 
119.1 

1, 409.  7 

495.  4 

469.1 

42.5 


12, 047.  6 


166.4 

325.  8 

1, 069. 1 

572.8 

658.  6 
673.8 
1.55. 0 
131.2 

688.6 
187.1 
224.2 
480.5 
344.4 


5, 677.  5 


82.3 
96.7 
32.7 

168.  5 

241.3 
.53.6 
11.3 

131.1 

53.3 


590.  4 
311.6 


323.9 
370.7 


61.9 

358.0 
70.4 

45.1 
118.4 

238.2 
179.8 
128.3 
32.7 

379.0 

78.4 
75.7 


4, 233.  3 


9, 910. 8 


245.  0 
668.1 
837.  5 
539.2 

440.5 
257.  4 
164.2 
431.7 

718.2 
101.1 
270.8 
206.  2 
107.6 


4, 987.  5 


2'=8.6 
536.6 
248.8 
169.9 

45.7 

47.6 

8.3 

211.2 

171.6 


555. 0 
365.4 

208.4 

590.0 

23.5 

39.6 

430.7 
53.7 
16.6 

85.9 

467.0 

.329.  5 

195.  4 

61.9 

928.4 

376.0 

371.5 

42.5 


6,  839.  3 


11,826.8 


34.8 

65.7 

557.2 

374.1 

117.0 

276.2 

49.7 

79.4 

36.5 
12.0 
237.1 
52.5 
18.5 


1,910.7 


8.3 
28.3 


19.2 


.4 

9.1 

177.2 
14.0 
17.8 
26.8 

15.0 
18.0 


56.5 


41.3 

9.5 


149.6 

69.7 
59.4 
31.7 
24.5 

102.3 
41.0 
21.9 


>  Forest  roads  which  are  on  the  Federal-aid  primary  system. 

2  Forest  roads  which  are  on  the  Federal-aid  secondary  system. 

3  Other  forest  highways. 
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Table  21. — Mileage  of  highway  construction  in  national  parks,  monuments, 
and  parkways  under  the  direct  supervision  of  the  Bureau  of  Public  Roads 
during  fiscal  year  1960 


Park,  monument,  or  parkway  (and  State) 


Completed 

during  fiscal 

year 


Under  con- 
struction as  of 
June  30,  1960 


Badlands  (S.  Dak.) 

Big  Bend  (Texas) 

Blue  Ridge  (Va.-N.C.).. 
Colonial  Parkway  (Va.) . 


Foothills  (Teim.) 

George  Washington  Memorial  (Md.-Va.). 

Glacier  (Mont.) 

Grand  Canyon  (Ariz.) 


Grand  Teton  (Wyo.) 

Great  Smoky  Mountains  (N.C.-Tenn.). 

Lassen  Volcanic  (Calif.) 

Mammoth  Cave  (Ky.) 


Mesa  Verde  (Colo.) 

Mount  McKinley  (Alaska) 

Mount  Rainier  (Wash.) 

Natchez  Trace  (Ala. -Miss. -Tenn.)_ 


National  Capital  (D.C.)_. 

Olympic  (Wash.) 

Petrified  Forest  (Ariz.)-_- 
Rocky  Mountain  (Colo.). 


Shenandoah  (Va.) 

Theodore  Roosevelt  (N.  Dak.). 

Vicksburg  (Miss.) 

Yellowstone  (Wyo.) 


Yosemite  (Calif.)  . 
Zion  (Utah) 


Miles 
10.3 
3.4 

60.5 


9.1 


3.4 
13.7 


5.3 
13.9 


0.3 
0.1 


0.4 
6.9 
1.6 


Total. 


16.7 
1.5 


223.5 


Miles 


76.6 
1.8 

15.6 
7.0 
2.0 

19.7 

4.2 
21.5 


15.3 

22.6 
3.2 
94.9 

6.3 

5.8 
1.5 


9.5 
20.2 


328.1 
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